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p HYPERALUMINAMIA FROM
ALUMINIUM RESINS

Sir,—Professor Wrong and Dr. Swales {Nov, 28, p. 1130,
seem to have missed the point of our article.’ Aluminium
resins cause hvperaluminemia in 307, of renal-failure
patients. 1 do not know whether hyperalumin®mia is
harmtul, and, as the article said, it requires further work to
determine the toxic effects of hyperaluminamia. [ am
concerned about the use of aluminium hvdrovide to lower
serum-inorganic-phosphate levels, but T am not aware that
an efficient trouble-tree alternatve to alummium hyvdroxade
has been found. The argumient that aluminium must be
safe because it is the third most abundant element in nature
is a non-scquitur. Sihcon s an abundant element in nature,
but silicosis is a serious disease.  The toxicity of hyper-
aluminamia is a possivility, and it one couid casily measure
the level of serum-alummium and exclude  hyperalu-
minaxmia I would agree with Protessor Wrong and usc the
mixture of calciwm and aluminium resins be advocates.
Unforrunately, it 15 very duficult o measure aluminium
specifically, und untl it can be measured vasily alumintum

resin should be regarded with some suspicion, and its use

limited to centres where serum-aluminium fevels can be
regularly monirored.
Faculty of Life Scaences,

niversity of the Negev, -
Fsrael G. M. BERLYNE.
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ALUMINIUM TOXICITY ;

Sir,—Dr. Thurston and his colleagues (April 22, p.
881) make some interesting points about aluminium
toxicity in rats, and offer a number of speculations about
our work on this subject (March 11, p. 564), We believe
that your readers should consider the following points:

(1) They suggest that periorbital bleeding in our rats was not
due to aluminium intoxication but rather was a noa-specific
finding duc to ‘‘ sickness and uriemia >, This statement is in-
correct and is based on their experience in Manchester with a
colony of rats of unstated breed in which there were * other
animgls in a poor gencral state . It is 2 prior condition of all
toxicity experiments that the colony should be healthy. In
Beer-Sheba our rat colony is hezalithy, lives in a rizidly controlled
environment, and is locked after by one of us (R. Y.) who is a
qualified veterinary surgeon trained in Holland. There are more

than 1000 rats per duy in the colony. In the pust three years .

there has not been a single case of periorbital bleeding in rats in
the colony other than in rats receiving aluminivm salts,

(2) Pestorbital bleeding cccurs in rats with higher ‘plasma
fevels than are obtained in rats on oral zluminium hydrozide, We
published a table of plusma-uivminiuin levels and a table of
frequency of periorbital bleeding showing the relaticaship
between mode of administration, salt of zluminium, and peri-
orbital bleeding. We are not surprised that Dr, Thurston and
his co-worlkers did not get symproms of alumieiunm intoxicstion
with orul Al{OI1),. Neither did we. The abscnce of plasma-
aluminium levels in their paper is regrettable, because it prevents
comparison of results.

(3) They were unfortunate to give the aluminivm hydroxide
as a mix with dry meal, because rats are nor noted for their
fastidious eating habits. They scatter food on the flocr of their

1. Wilson, W. A. AMed. Care, Lond. 1970, 8, 98.

2. Lee¢, J. A H,, Morrisun, S. L., Morris, J. N. Lancer, 1957, i1, 785.
3. Lec, J. AL H., Morrison, S. L., Moris, §. N. iéid. 1940, i, 170.
4. Ashley, ]J. S. A,, Howlett, A., Morris, J. N. ¢bid. 1971, ii, 1208,

4

1071

cages, as ¢an be seen by using metabolic cages. This is reduced
by using pcliet foods, but gavage is more cermin, Because of
this, the amount of aluminium ectually consumed by the rats of
Dr. Thurston and his colleagues is in the realm of guesswork.

(4) Periorbita! bleeding is the most reliable sign of aluminium
intoxication in the rat when plasma levels approach those seen in
patients with advanced renal failure and receiving 68 g. of
Al(OH), = day (apparently 3 times the dose that is now used by
Dr. Thurston and his associates). :

For these rcasons we advise that the use of aluminium
salts in acure rcnal failure be regarded with caution and
scientific detachment,

G. M. BERLYNE

. R. YaGiL
Department of Nephroiogy, J BuN-ARI

Negev Central Hospital,
Beer-Sheba, lsracl, G. M. DANOVITCH.
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Thicslyccilic Acid as an Inmhibitor for Iron in the
Colorimetric Determination of Aluminium
by means of “ Aluminon”
y

-

By E. M. CHENERY = '
Tue determination of srmall quantities of aluminium is rarely free from interference by iron,
as theoe two elements almost invariably occur together.  Several methods have been devised
to overcome dron interfercnee but rone is entirely satizfactory. “Time-consuming methods
in which iron is removed! or compensated for®3 are wrually eoeploved.

Thizrcollic acid was first used as an inhibiting arant for iron by HHulchinson and
Wollnek® in the gravimetric estimation of alureinim by nicans of 8-fiydrexnyeuincline. The
aluminium hydronyquinolinate was precipitated in piosence of the recdizi-prrple ferrous
complox.  With the object of improviny « eon n anethed® the present swricer in-
dter in acid solutions.  Fixation of

al conaitions of aluminium-aluminen
lake develonnaent, oiz, bufietiny at #H 40 rfor 4 aninutes at 1e0° Q. In the
prococure recordzd below, O ta 19 e of alomininm (in 5 mbl) can be accwrately determined
Jn pres : rracsium and 200 gz of phosphate
ion,

o

el

vestizuted the nse of thinrlvealilc acid 25 an fton in

Iron as a celourless complex took place under the or
1

ceent I amouins wmote than

one-¢ i bt os ; way i water, bidlesicel material
and ol : ats meyv usnntly be frnored. lisbitor is recuired waen
the Al 37 ruth wore. Ttie eficct ot iron vn sluminium determinations by this
method 10 2oy e tale v
3 SR L e .. .. o 50 1¢0 260 560
i . 4075 473 45 50 -3
. . .. o G 10 53 158

F—-Snuaponium surine
Oz conemniniind
iwad, fltored and made up o 1560
e’ l—Une ml. dilicd to i ml,
riwd-=Stock solution contiining 200 pop.am. of alumininm and
i orer Nire, i &

Pl Dt

Ay, 180l dissoived

e, 073 ., guam acacia, 15 o.:
W

Ten ml. of this diluted to 939t
¢ vsed 1o preparing tl

o 1047 aluan he curves.

The stoek selution raust be ivaed gravimetnically tor cduminium, especially in {he tropics,
wlhere loss of wa i 1y lead to ervors. ’
l"uocm)mmw/ -

Since the working range of the red aluminon lakes is from 0 to 10 ug. in 8 ml,, the test
solutions <hould be diluted to this after prelininary rough trials, taking care they are not
more acid than the 10 pe. sluminium standard,  The test solutions containing not more than

@ total of 10 g of wluminium in 3wl are pipetted into Pyrex test tubes {15 % 130 mm)
sraduated at 5ml. Vive drops or 02 1l of the dilute thioglyeollic acid are added and the
solintions well mixed.  One ml. of aluminon reagent is then added and the contents of the
tubes are made up to 5 wl. and mixed by agitation.  The solutions are then heated for exuctly
4 minutes in a strongly boiling water-bath and allowed to cool slowly.  After 1§ to 2 hours
or longer the levels are made up to the mark again and the colours measured in a colorimeter.
Any type of colorimeter can be used ; good resuits have been obtained with wedge and dipping
instruments and also with the Lovibond tinteineter.  Most of the work done on this method
was performed with a photo-electric instrument (Cenco Photclometer). For more precise
determinations, small measuring flasks of 10- to 25-ml. capacity are substituted for the
sraduated test tubcs. Batches of 24 test solutions can be dealt with very conveniently at
one time,  All the reagents were quite stable over a period of 6 months and the lukes, after
standing for 13 hours, remained unchauged for a further 24 hours.

28
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Occurrence and Determination of Aluminum
im Foods

I. Determination of Aluminum in Organic Materials

Gerarp J. Cox, 1. W. Scnwanrrze, Raysoy) M. TTANN, anp Ricuarp B. Uxangst, Mellon Institute of
Industrial Rescarch, Pitisburgh, Pa., axp J. L. Near, Aluminum
Co. of America, New Kensington, Pa.

URING the course of
an investigation of the

: suitability of various
metals for the construction of
cooking utensils and foud con-
tainers, it has been necessary for
the authors to determine very
smnall amounts of the respective
nietals that have heen taken up
by foodstuffs from the surfaces
with which they have becn in
contact. These analytieal pro-
cedures have been applivd hoth
to the foodstuffs as prepared for the table and to the tissues
of animals that have received known coneentrations of metal-
lic =uits in their duily dietz This paper deseribes the pro-
cedure that huas been folloved for the determination of
. algminum.  The conrentratinns. of alwminum thus deter-
mined have Leen as smadla- 0.1 v, p.m.

A colorimetric methed Tor wuminunt, hased on the pro-
cedures of Myors. Mull, and Morrizon .25, and of Winter and
his sesocintes (7, &, @), has been used. The method, in brief,
consists of ashing the material at s+ low a tempersture as
possible; solution of the ash. precipitation of abiminum as
the phosphate adsorhed on an exeess of ferrie phosphate,
retnoval of iren, development of a color by means of the aurin
tricarboxylic acid ke, and determination of the aluminum
by comparizon with a fixed color standard.

colorimelrically  as
carborviic ucid.

lesl for wron.

ProcEDURE
-

Fresh washed tissue (510 150 grams) iz dried overnight na
platinum dizh at 1107 C, It is then placed on a nichrome-
triangle in a cold clectrically heated muffie, and the tempera-
ture is eradually rised during the day to a faint red heat.
The ashing process is completed overnight while a slow
curtent of oxygen is passed into the mullle to hasten the
combustion.

The ash i= treated with 10 cc. of eoncentrated hydrochlorie
acid and 25 ce. of water,  The resulting solution is evaporated
0 dryness to debvdrate siliea. To the residue are added
10 ce. of 3 A bvidrochiorie acid and 23 ec. of water, and the
solution is boiled for 5 to 10 minutes.  The solution is cen-
trifiged at 1800 r.pom. for 5 minutes and decanted into a
H0-ce, Erienmeyer fha=k.  The residue, il any, is washed and
discardmls bt if earoon renains in the residue, the Iatter is
transferred to a platinum erueible and dried.  The siliea 15
volatitized with Lvdrofiuorie acid and saliurie acd, foliowed
by gentle ignition. The redue s then fused i o small
amount of rqual purts of seulivun and potas-iun carbonates
and diszolved in the main solution,

To the =obition of the weht are added 1ees of concentrated
pitric acil (specific gravity, 1.42) and 1 ee. of 0.1 M ferrie
culfate.  The solution is evaporsted to sboul 10 ce. and
ditited with water 1o approxinately 60 ceo Five eecof 1M

Alwminum in organic lissues is delermined
a lake
Lract delails of ashing pro-
cedure and condilions for lake formation are
given.  Simplification of technic and increased
precision over previously deseribed methods are
altained by vse of @ permanent color standurd
and a comhined reagenl for lake development.
Mercaptoacetic (thioglycolic) acid is used as a-

‘monosodium phosphate and
2 cc. of 0.04 per cent bromo-
phenol blue arc added and then
7 M ammonium hydroxide
until a permanent precipitate
is formed. Next the pH is
brought to 4.2 by the addition
of 3 M sodium acctate. The
wixture is centrifuged for 5
minutes at 1800 1. p. m., and the
liquor is disearded.

The precipitate of ferrie
and aluminum phosphate is
dissolved in 0.5 cc. of 6 M hydrochlorie acid and 1.25 cc. of
glacial acetie acid, and approximately 15 ce. of Lot water
are added.  Five ce. of 6 M sodium hydroxide are stirred
in with a gliss rod, and the misture allowed to stand for an
hour with frequent stirring,  The glass red is washed, aud
the ferric hydroxide thrown dewn by centrifuging for 5
minutes at 1500 r. p. m. The =olution is decanted through
two O-cnu. filter papers prepared by washing with warm 1.2 M
sodium hvdroxide, followed by hot water until practically
all alkali iz veanoved, The filtration is made iuto a i00-ce.
“olumeltic flask containing 1 ce. of 6 M hydrochlorie acid.
The precipitate remaining in the centrifuge tube is washed

with aurin  Iri-

onee by stirring with 20 ce. of hot water and ecentrifuging.

The washings are deeanted through the

filter. The ferric hyvdroxideisnottrans- T2 270 /20770
ferred to the paper.  The filter paper is i E';
thoroughly washed with water, the so- LSEN
Jution enoled, made faintly acid o lit- - ':i
mus, and difuted to 100 ce. ‘
Twenty cubic centimeters of the so- Q__AQL/\
lution are mea=ured into a dry 250-ce. P
glass-stoppered Erlenmeyer flask. ‘E ‘i
Then there are added 25 ce. of a solu- 14
tion eontaining, in 1 liter, 1 mole of /E i{!
ammonium acetate, 1 mole of ammo- i i:i
nium chloride, 80 ce. of 0.1 per cent / i Z;
amunonium  aurin  tricarboxylate (alu- ! i
minon), aud 60 ce. of 6 M hydrochloric / }a
aeid. The pHl at this point must be i

between 4.5 and 5.5, A snugly fitting

test-tube condenser (Fizure 1) is placed

in the neck of the flask, and the solu-  TFreure 1.
tion is Loiled for 1 minute, timed from AxD CONDENSER FOB
the first appearance of steam bubibles. Lake DEVELOPMENT
The solution is cooled for 1 minute

under the condenser and then to room temperature in running
water.

Fuouvgh 1.6 M amemonium carbonate (4.8 to 5 cc.) is added
with gentle shaking to give a final ptl of 7.1 The flask ix
stoppered and shalen up and down twenty times. Carbon
dioxide iz released by eatitinusly renoving the stopper, and

103
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1014 EINDESTRINL AND ENGINEERING CHEMISTRY

the flask ix alliwed to sfand for 20 minutes, with the stopper
toosencd. for the exvess dyve to e deectorized, The pH should
now be within the lmits 7.0 and 7.3, bt preferably at 7.1,

The conventration of the aluminn 1= determined im-
medintely ia Didwseq eclrineter by coniparizon of the
nten=iy of the Inhe cojor with o stindard containine d ce. of
004 per cont thynsl blue and S ces of 6 3 hvdroehlorie acid
a0 ces of solntvn, The aluminam ke solation s scb at o
constant depth of 30 mun,, and the depth of the stamdard is
varied for the color matching.

-

AETER MEADING, MM
i
t
|
i
i
. e
i i
i

AYERAGE NCT COL G

I | |

oCls LW cus [yichie} 0o2s C030
ALUMINGP, M3,

Ficune 2. Ner Cororiverer REab-

INGS OBTAINED WITH ADDED ALUMINUM

The amount of aluminum present in the aliquot is deter-
mined by reference to a curve plotted from the colorimeter
readings obtained when varyving amounts of aluminum are
subjected to the entire scheme of analysis beginning with the
ash (I*‘ig\}re 2). ~

Discussioy or Trcnxic axp REAGENTS

In the initial solution of the ash of heavy earcasses it is
necessary to us=c 25 ce. of concentrated hyvdrochloric acid and
25 cc. of water and to aid the process by trituration «f bone
ash with a flattened glass rod. The second solution is effected
by 20 cc. of concentrated livdrochlorie acid and 130 ce. of
water.  An alupiot, usually one-{ifth, is taken for the rest
of the procedure.  No addition of monnsodium phosphate is
necessary in the analyvsis of careasses.

The reaction of pH 4.2 should be very elosely controlled in
the precipitation of the phosphates of iron and aluminum,
to effect a quantitative removal of aluminum and insure its
frecdom from ealciuin phosphate.

Carl Schlricher and Schull No. 5389 white riblon filter
paper was used in preparing the iron-free filtrate from the
ferric hydroxide preeipitation. These filtrates must be
entirely iron-free, and the mercaptoacetic acid test has been
found most satisfuctory. When 10 ce. of the solution are
treated with a drop of mercaptoacetic acid (1) and then
made alkaline with ammonium hydroxide, there should be
no pick color developed.: The writers have found that iron
is not completely  removed by centrifuging.  Filtration
through oue paper removes part of the residual iron; two
papers remove all of it. The process scems to be one of
adsorption rather than of filtration.

The reagent weedd for development of the aluminum lake
is based on the separate solutioms used by Winter, Thrun,
and Bird (1),

The combined reagent obviously reduces the manipula-
tions and insures more uniforn conditions during the lake
development.

Because of varintions in the exeape of carbon dioxide in the
decolurization of the exeess dye after lake development,
the given procedure for shaking must be rigidly adbered to
in order to lusure a finul pH of 7.10 If the solution is not
shaken enough, the pil will be too low for camplete change of
the dye to the yollow furim: if the shiaking is to0 vigorons or

Vol. 24, Na. 1

prolonged, the ptl will be high enotgh to result in appreciable
fading of the lahe color,

The thymal blue permanent standard used Ly Thran (5
in the ~tudy of the stability of aluminum lakes is very con-
venient and preferable to standards prepared from sluminun
solutions.  The pink eolor s stable over periods of at lrast
6 months,  The eolor mateh is not perfect, but readings are
readily  dupliented to give thoronghly reliable analyses.
The precision of the readings is such that the probable error
of sixteen random observations at about 30 mm. is =0,1u
mm. A random selection of some carly readings, made by
another trained observer, of almminum lake against aluminum
lake shows the probable error of =0.25.

All reagents were made up from larze stocks of chemieals of
the same lot number in order to maintain & uniform blank in
all analyses. Mallinckrodt’s ¢. . quality sodium hydroxide
erystals (NaOH -+ I.0O) have been found to be practically
aluminum-free.  Its use obviates the tedious preparation of
the alkali solution from aluminum-free sodium. The 6 M
solution was prepared by direet weighing without subsequent
standardization. The 6 A/ hydrochloric acid was prepared by
distilling an approximately 6 3 solution and collecting the
last three-fourths of the distillate. The aluminon of the
Fales Chemical Company was used.

The empirical curve employed is an inverse curve compared
with that of Winter, Thrun, and Bird (9), as the depth of the
standard in the eclorimeter was varied rather than that of the
unknown. The curve automatically corrects for the blank
of the reagents, as it is a record of the colorimeter readings
obtained when definitely known amounts of eluininum enter
the aralytical system.  The eurve shown in Figure 2 repre-
sents the net colorimeter readings obtained in a serics of ob-
gervations ¢f the intensity of color produced by known
amounts of pure aluminum salts added at the beginning of
the procedure.  The reagents used produced color equivalent
to 12.5 to 14 mm. of the thymol blue standard. In routine
analyses a blank eontrol was invariably carried through to
secure the net reading of the colorimeter, a reading which is
obviously-altered by the size of the aliquot required. The
curve shown in Figure 2 is not reproduced for use, as its fonn
and position depend on the quality of all reagents. 1t is
neecessary to prepare a curve for each set of reagents, a process
that is simply a matter of “blanking” the reagents.

In a system which involves the use of standards prepared
from known amounts of aluminum, the reagents involved in
the preparation of those standards always introduce an
additional unknown amount of aluminum. An inherent
property of an empirical curve based on the usc of & permanent
standard and the values of alwninum entering the system is
that it corrects for the entire blank of the procedure.

At the beginning of this investigation two general methods
were available—the chemical and the spectrographic pro-
cedures. The latter presented the advantage of speed and
the complete absence of contamination of the ash by the
addition of reagents, but at that time was only roughly
quantitative and required the installation and maintenance
of expensive cquipment. The advances made by Myers,
AMull, and Morrison (2), and, during the period of the present
studies, by Winter and aszociates (5, 7, 8, 9) and by Underhill
and Peterman (£), have influenced the choice of the chemical
method here used. '

After an’exhaustive investization of ashing by the wet
method—i. e., by suifuric acid digestion with the addition
of perchlorie acid or nitric acid—and of the alternative ashing
by ignition, the latter was choser.  In the wei-ashing pro-
cedure, some aluminum was introduced by the reagents, and
containers were etched to give insoluble residues which were
difficult to handle. These objectional festures were absent

~
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fros the dry-sshing procedure. The authors were not abie to
Jemonstrate & loss of added aluminum in smoke evelved in
ienition of various materiabs, .

4 jnvestigation was made of the removal of iron, which
Lterieres in the colorimetry, by means of cupferron. The
removal elfected was very complete, but the method was
condersome and Tequired an ashing procedure to remove
the excess of cuplerron.  Iron is not removed completely
v centrifuging, but, by adsorptive Gltration thronsh two
fitter mpers, the merenptoacetic ncid test becotes uniformly
neg
3 sindy of the interference of siliea in colorimetry reveals
that .+ s sufficiently removed by dehiydration so that Lydro-
fluori+ seid treatinent 1s unnccessary.

I absolute quantity of aluminum present in a given
isaie . uf course, vannot be determined by any method.  Re-
cours must therciore be had to experiments on the recovery
of alded aluminum to prove the accuraey of a ethod.
A well-mixed sample of ground beet liver showed, aft#£i the
maniptlations of grinding and inixing, 5.0 p.p.eof aluinun,
When 2.05 mz. of aluminum was added to 25 grams= of the beef
fiver (yielding 0.125 mg. of aluminum), making o total
apparent alumintin content of 0.175 ma. hefore a~hing, 1785
and 01725 my. were recovered.  When the aluminum was
added to the ash, 0.1723 and 0.1715 myg. were recovered.

The reader is referred to the artieles cited (2, J, €, &) for
other details of technie and for the underlying priuciples of
the method. Other artieles in this series (2, 1) have heen

3
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nbli-bed, aond further contribntions will follow. Coples miny

b obtained by wldressing the senior author.
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il. Aluminum Content of Foodstulls Cooked in Glass and in Aluminum

Geonce D. Bear, Tucharp B U

-

NECESSARY qualifica- .
tion of all materials that
come into contact with
fuod during its production, dis-
‘ribution, cooking, or service.is
that they must not in any way
depreciate the quality of the
food. s Primarily, it is not per-
missible that auy essential con-
“tituent of the food be removed
or anv harmful substance added.
"% seondary importance is the
reqrivement that a specifie un-
b~iruble taste or odor should

Foods cooked in yluss and in aluminum luee
been analvzed for aluminum, and the average
increase has been calenluled.
aluminum by neulral foods is negligible: acid
and alkaline fuods are relutively more corrosite.
In no cuse, howerer, is suflicient alumiinum dis-
solved jrom ulensils to inlerfere seriously wilh
phosphorus absorplion.  An average daily inlike
of aluminum in case all foods are covked in
aluminum is estimaled at 12 mg., of which aboul
i mg. is derived from the ulensils.

ot be imparted and that a discoloration should not be pro-
bteed 'in foods by containers during any of the operations
“entioned.  Itis, of eourse, also of importance that the utensil

\ort to corrosion by foods in order that it survive use in

s is todiy the most populur of all materialz for the
Sietion of cooking utensils hecause of its light weight,

attractive appeurance, durability, high Leat condue-

Cand ense of cleaning

cplovicent is convineing ov

and muintenance for constant use.
Fats wide populatity of ahuminun after about thirty years
idenee that it is satisinetorily
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The Effect oF‘Aluminum Hydroxide Upon Food Utilization in Human Subiecfs';f-@

By
- RAYMOND D, GRONDAHIL, M.D.
AND ‘

EDWARD S. WEST, Ph.D.
PorTLAND, OREGON

— N

T IS well known that aluminum hydroxide is an
excellent protein and enzyme adsorbent. In recent
years it has also been demonstrated that aluminum
hydroxide markedly inhibits gastric digestion. Kom-
arov and Krueger (1) have shown that feeding alumin-
um hydroxide to dogs inhibits the secretion of gastric

- juice and also decreases the activity of pepsin. This

was observed even in gastric pouches not in direct
contact with the agent. Komarov and Komarov (2) have
pointed out that aluminum hydroxide, when added to
the gastric juice of dogs in vitro, quantitatively re-
moves the pepsin from solution,  Schiffrin and Kom-
arov (3) have shown that the presence of aluminum ions
in a solution of the enzymie inhibits proteolytic activity
at pH values at which the enzyine is not precipitated.
In view of the above facts it seemed of some interest
and importance to determine the effect of prolonged
administration of aluminum hvdroxide to human sub-
jects on the digestion and absorption of foods, since

“such treatment is common practice in the handling of

ulcer cases.

Beazell, Schmidt, and Ivy (4) found that aluminmm
hydroxide added to pancreatia in vitro did not alter
the tryptic or lipolytic activity of the preparation. These
workers also demonstrateéd that prolonged administra-
tion of aluminum hydroxide to dogs on a standard diet
did not alter the fecal fat or nitrogen content. So far
as we have been able to determine, the present work
represents the first report dealing with the effect of
aluminum hydroxide on digestion and absorption in

“human subjects.

EXPERIMENTAL

"A healthy subject with no demonstrable gastro intes-
tinal pathology was selected to serve as a normal con-
trol. The subject first collected twenty-four hour urine
and feces samiples for seven days without previous ad-
ministration of aluminum hydroxide. This was followed
by a period in which 60 cc of amphogel was taken in
six divided doses spaced throughout the day. Ordinar-
ily, doses were taken aiter each meal, midway hetween

“meals, and before retiring. A glass of water was taken

with each dose. A normal average diet was ingested

during both periods.

A hospital patient with a known gastric ulcer was
chosen ‘as subject for studying the effect of aluminum

hydroxide under therapeutic conditions. The gastric

lesion in this subject was shown by x-ray and gas-
*From the Department of Biochemistry, University of Oregon
Medical Schoo!, Partland, Cregon.

Subtmitted Sept. 5, 1944,

«

troscopy to be located on the lesser curvature about’
nine centimeters from the pylorus. This subject was put
on ulcer management unti! evidence of healing of the
lesion was shown by gastroscopy. At that time a diet
of C-180, P-75, F-80, given at 3 fcedings, and supple-’
mented by 3 ounces of milk given at hourly intervals
from 7:30 A M. to 7:30 P.M., was started. Vitamin
supplements were supplied. This regimen was continued
for twelve days to serve as control period, and then 5
cc of amphogel, given hourly from 8:00 A.M. to §:00
P.M., was added to the control diet. Twenty-four hour

TABLE I ,
Composition of feces and urine for 24 hour periods

NORMAL SUBJECT
No Ahwminum Hydroxide in” Diel

. Fecal Urine Fecal :
Fecal Fat  Carbohydrate®* Nitrogen Nitrogen U.N./F.N.
Grams per Grams per Grams per Grams per
24 hours 24 hours 24 houss 24 houss R
6.00 0.31 149 224 6.7
4.90 0.6 14.5 190 . 76
149 270 55
Av. 545 Av. 0.39 192 231 . 83
185 2.86 6.5
171 224 76
17.1 3.10 S.5

- Av. 166 Av. 249 Av. 6.6

Aluminum Hydroxide Present in Diel

Fecal Urine Fecal . Y
Fecal Fat  Carbohydrate® Nitrogen Nitrogen U.N./E.N.
Grams per Grams per Grams per Grams per

24 houts 24 hours 24 hours 24 hours :
7.00 0.11 16.3 295 © 55
8.24 0.56 13.7 2.38 . 60
9.88 0.20 13.0 2.08 6.3
15.6 2.02 77
Av. 836  Av. 0.29 122 1.93 T 6.3
16.9 2.00 85
Av. 146 Av. 223 Av. 67

*Carbohydrate as glucose.

urine and feces samples were collected for analysis.
Urine samples were collected in bottles containing
toluol as preservative. Feces were collected, placed in
one half gallon jars, 1 volume of feces mixed with 3
volumes of water and a sample of 2-3 cc removed for
pH determination. 60 cc of concentrated sulfuric acid
was stirred into the mixture and after several days,
following emulsification, the acidified mixture was di-
luted to 1000 cc and reserved for analysiz. pIl de-
terminations on the urine and feces were made with the
glass electrode using a Beckman pH meter. Titratable
acidity of urine was estimated by titration with .1 N -
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“sodium hydroxide in the presence of potassium oxalate,

~.using phenolphthalein as an indicator. Nitrogen de-

_ terminations - were done according to the Kjeldahl
method. The determination of total carbohydrate in the

feces involved hydrolvsis with 0.5 N sulfuric acid for 5

< T\BIE,II
(,omf)osxtxon of fetes and wrine for 24 howr periods
‘GASTRIC ULCER PATIENT
- No Ahowinum Hydroxide in Diet

Fecal Urine Fecal
* Fecal Fat

Carbohydrate Niirogen Nitrogen U.N./F.N.
Grams pee . Grams per Grams per rams per
24 hours 24 hours 24 hours 24 hours
0.64 0.52 10.2 0.15 65.0
0.34 0.24 10.0 0.44 225
0.34 © 028 10.5 0.36 28.7
) 10.3 0.52 19.8
Av. 044 Av. 035 :
o Av. 103 Av. 037 Av. 340
Aluminion Hydroxide Present in Diet
. Fecal Urine Fecal
Fecal Fat  Carbohydrate Nitrogen Nitrogen U.N./F.N.
Grams pee Grams per Grams per Grams per
24 hours 24 hours 24 hours 24 hours
0.64 0.41 7.7 0.80 10.0
0.70 0.14 7.4 1.43 5.2
’ 0.38 6.1 0.20 29.0
Av. 0.67. 140 2.56 5.5
"o Av,. 031 120 0.52 240
. Av. 9.50 Av. 110 Av. 147
' AABLE 111

Urme Titratable Acidity and Urinc and Feces pH for

A

24 Hour Periods

v NORMAL SUBJECT
No Alwmimon. Hydroxide in Diet

Utrine pH Titratable Acidity Feces. pH
cc.O.IN
T 642 205.7 6.15
* 5.45 479.3 5.9¢
540 470.1 6.10
N 5.25 505.0 5.90
5.48 456.0 5.90
5.30 545.6 6.00
5.32 459.4. 6.00
Av 551 Av. 4458 Av, 599
o Aluminum Hydroxide Present i Diet
. Urine pH Titratable Acidity Feces pH
. cc.O.1N
580 3772 6.95
595 - . 1919 7.15
©6.28 - 91.0 6.90
572 121.5 5.98
5.30 229.3 6.72
5.70 201.0 6.50
5.65 200.0 692
515 - 414.2 6.80
HE 5.35 360.4 6.65
5.50 - 2628 6.70
- 6.30 2244 690
570 2120 6.40
6.30 - 189.0 6.90
560 : 307.0 6.30
. Av, 572 Av. 241.5 Av. 6.69

‘hom's, precipitation according to the iron method of
Steiner, Urban, and West (5), and estimation of fer-
mentable sugar in the filtrates according to the method
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of Somogyi (6). Fat content of the feces was estimated
according to the method of Saxon (7).

DISCUSSION

In the normal subject, the collection of samples was
very carefully done and as can be seen from the tables,
remarkably consistent results were obtained. In order
to show any change in protein utilization the ratio of
nitrogen excreted in the urine to the nitrogen excreted
in the feces was calculated. The average values for this
ratio were 6.6 and 6.7 in the coutrol and aluminum
hydroxide periods respectively, which indicates no in-
terference of aluminum hydroxide with protein utiliza-
tion in this case.

Accurate daily feces sampling in the study of the
hospitalized subject could not he secured because of se-
vere constipation and feces impaction. Nitrogen ratios
during the control period averaged 34.0, while the
average was 147 with aluminum hydroxide, Further

TABLE 1V
Urine Titratable Acidity and Urine and Feces pH for
24 Hour Periods
GASTRIC ULCER PATIENT
No Aloninwm Hydroxide in Diet

Unne pH Titratable Acidity Feces pH
cc.O.IN

575 283.8 795
0.26 177.5 815
585 334.3 842
5.55 3329 8.65
6.30 1992.5 8.30
6.35 199.8 8.15
5.15 320.0 7.40

Av, 588 Av. 2639 Av. 800

Abuminuin Hydroxide Present in Diet

Urine pH Titratable Acidity Feces pH
. O.1IN

572 196.9 . 752
.6:35 . 89.0 8.30
6.55 2240 8.40
6.85 56.4 8.10
5.60 287.7 : 7.60
5.30 246 4 8.10
5.60 495.0 8.30
512 90.0 748
5.80 172.2 7.35
* 6.45 159.0 7.30
6.10 ) 89.0 7.35
1 6.10 171.1 7.75
592 340.7 7.15
5.70 777 : 7.40
70.3 7.82
. 161.6 7.50
Av. 597 Av. 1829 Av. 7.80

study to coufirm this was not done because cooperation
in collecting samples could not be obtained.

Fat and carbohydcate determinations on the feces of
the normal subject svere carried out on the last two
days of the control period and on the last three days of
the alumintumn hydroxide period. The results show that
the ingestion of aluminum hydroxide was without ap-
preciable effect upon the utilization of fat and carbo-
hydrate. Similar results were obtained in case of the
gastric ulcer patient, who, however, excreted much less
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fecal fat than the normal subject. presumably because
of the widely different diets of the subjects. Tables I
and II summarize the experimental findings.

Aluminum hydroxide apparently caused a small but

definite increase in urmar) pH. The nornial subject

showed an average urine pH of 5.51 for the control
period, and 5.72 for the aluminum hydroxide period.
The ulcer patient showed values of 5.88 and 5.97 re-
spectively. A much more marked effect of aluminum
hydroxide upon total titratable urinary acidity was ob-
served in hoth subjects. The normal subject showed
an average Z24-hour titratable urine acidity of 445 cc
of 0.1 N acid during the control period, which dropped
to 241 cc during the aluminum hydroxide period. The
corresponding values for the ulcer patient were 265 cc
and 183 cc respectively. The decrease in urinary acidity
under the influence of aluminum hydroxide ingestion

‘was probably due to a decrease in the excretion of urin-

ary phosphate. Fauley, Freeman, lvy, et al (8) have

-shown that urinary phosphate excretion in humans on

light ulcer diets was decreased about 60 percent when
aluminum hydroxide was given orally. On the other
hand, fecal phosphate excrétion gre’ul_\ mcreascd as the
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result of the formation of insoluble aluminum phos-
phate. Lividence was presented that much of this fecal
phosphate had been removed from the body, leading to
a phosphate deficiency. According to these facts we
believe that the removal of phosphate ions from the
blood by aluminum hydroxide therapy should be re-
flected in a somewhat higher urine pH and a lowered
titratable acidity. Our findings on humans agree with
this iuterpretation.

The average fecal pH value of the normal subject
for the control and aluminum hydroxide periods were
5.99 and 6.69 respectively, while the values for the ulcer
patient were 8.06 and 7.8. Tables 111V give the ex-
perimental result on acidity of urine and feces.

Swmmary: Administration of aluminum hydroxide
to a normal subject did not interfere with the utilization
of carbohvdrate, fats, or protcins of the diet. Appar-
ently there was no interference with carbohydrate and
fat utilization in a gastric uleer subject, but results
on protein utilization were inconclusive,

Aluminum hydroxide administration caused .slight
increases in urinary pH and very definite decreases in
total urinary acidity.
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ALUMINUM IN SOILS, PLANTS, AND ANIMALS
G. EVELYN HUTCHINSON?

Osborn Zoological Laboratory, Yale University

Aluminum occupies a somewhat anomalous position among the biological
clements, in that it is a very common and important constituent of the inorganice
materials of the biosphere, but a rare and usually unimportant constituent of
living matter itself.  Both the importance of the clement in the environment and
its relative unimportance within the organism are ultimately to be referred to
the Jimensions and charge of the Al*** jon.

The radius of the aluminum in ionic crystals falls between that of the doubly
charged magnesium and the quadruply charged silicon ion: Mgtt, r = 0.78;
AP+, 0.57; Sit+++ 030, In the lattice structure of the aluminosilicate clay
minerals, limited substitution of Al+*+ for Si*+++ or of Mg+ for AlI** is pos-
sitle.  The basc-exchange properties of the pedolites are now frequently inter-
preted in ternis of the lack of electrostatic balance produced by such substitutions.

The relative unimportance of aluminum within the orgarism is doubtless due
to, the low solubility of the clement in neutral solutions. Goldschmidt (14) has
jwinted out that, considering only those lithophil elements of essentially invariant
valeney, a djagram may be constructed in which the point occupied by the ele-
ment is defined by its ionic radius and its valency (fig. 1).

Flements having a low ratio of charge to radius tend to form more or less
""lnbhf cations; elements having a high ratio form anions with oxyvgen. In the
middle sector of the quadrant, in which Be, Al, Ti, Th, Zr, and Hfi lie, the ele-
1t tend to form oxides insoluble in neutral water. The eontours introduced
o the dingram express the ratio of mean concentration within living plants to
thee i the aceessible lithosphere and so indicate the importance of the relation-
shap m.nl(-tvrmining biological availability. As the commonest of the elements
”' :l,.l::\.]flf%:lt.ll(. m'ul(ll'o so?tor of thi-s diagrun.l, the behz‘xv'io‘r of aluminum bz-ts a
u,!..‘, l\l\l{t_ inferest in biogeochemistry, while the definition f)f the .COI’ldltl‘OﬂS

ich abnormal amounts of the element are present in the immediate

' “n:\l_n'.\s are due W. O. Robinson, S. B. Hendricks, and R. A. Steinberg for reading the

\!"Mf:[llt and fnr o!furing‘lu'lpl'ul comments.
S tivol Hl:; ;\rn.()'le was written, u paper by B. B. Polynov [Bull. xlikad. Nauk. USSR,
£ m““‘\ o ’l](-) 3-14} has l.u-('u r(~cmv0(.l. ‘The authoF notes con.mderable amounts of
e [ u all plamt's growing on alluvial red earth in the foothills of the Caucasus.
s betula contained 8.5 per cent Al in the ash of the leaves, whereas in other
oo Furope only a trace is present, 1leé regards aluminum accumulation as a region
!‘.t‘nr\l.l dependent on elimatically determined soil types; it is, however, clear that
_-"'il":mun of sueh regions consists of aluminum-tolerant species. Polynov also in-
. ‘ ;“”"_f\.‘. he has found thuF the lichen Parmeliu promotes the decomposition of pri-
cks; both ALQ; and SiO, enter the plant body, and on subsequent death and

- hwontmorillonite is formed.

1.
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30 G. EVELYN HUTCHINSON

environment of organisms is of great practical agricultural importance. The
present review aims at summarizing the present state of knowledge of all the
more intercsting aspects, both theoretical and practical. Since the writer hag

recently published a longer discussion of the same subject (22), hiblingraphic

citation to older work, now superseded or known to be erroneous, will not he
given in the present contribution.

IONIC RADIUS

IONIC CHARGE
Fic. 1

ALUMINUM IN SOILS

Aluminum occurs in undecompoged rock fragments, in sceondary alumino-
silicate clays, as solid or hydrosol hydrated oxides, as phosphates, and in ionie
form., The decomposition of rock fragments is a much-studied but inadequately
understood process. Mecharical subdivision and the action of colloidal clays
and organic matter may remove cations and so initiate decomposition. Carbon
dioxide and organic acids have generally been regarded as important agents;
the role of sulfuric acid has been scmewhat neglected.  The origin of alumina in
soils may be attributed to such decomposition, or to the similar decomposition
of secondary minerals, Vinogradov and Boichenko (67) have established that
diatoms can decompose nacrite, and therefore biological action in liberating
alumina has to be considered. The general trend of such changes has long been
known to depend on climate, sesquioxides migrating downward in podzols of
high-temperate latitudes, whereas silica is removed by leaching in the tropics.
Even in low-temperate latitudes gibbsite AI(OH); may constitute 30 per cent of
the inorganic soil colloid (1).

The phosphate present in virgin soils varics considerably in availability and
when relatively soluble phosphatic fertilizers are added to soils, the additional
phosphate tends to become fixed in a more or less inscluble form. Fixation by
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formation of aluminum and iron phosphates, and by aluminosilicate pedolites
occurs, but in most cuses the former processis of sornewhat greaterimportance (G).

Little information exists as to the mineralogy of the aluminum phosphate in
soils. Various attempts have been made to identify mineral phosphates by
means of pH solubility curves. Stelly and Pierre (61), however, find that
mixtures of apatite and vivianite cannot be satisfactorily distinguished from
aluminum phosphates, nor can the two aluminum phosphates most likely to
occur, namely, variscite, AIPO,-211,0, and waveliite, Al;(OH);(PO.),-5H.0, be
separated by their solubility minima, though the basic wavellite is somewhat
more soluble under the conditions of their experiments. ‘Their work, however,
gives strong evidence for the existence of different mineral phosphates in dif-
ferent soils. :

A great variety of complex aluminum phosphates is known from sedimentary
rocks; some of these might be soil constituents, The clay-like minervites, sup-
posed by Vernadsky (66) to be analogous to the aluminosilicate clays, deserve
renewed investigation. _

The occurrence of aluminum extracts of wcid soils made with neuliral salt solu-
tions has been known at least from the observations of Veitch (65).- Rice (45)
showed that the element did not appear until the pli of the extract fell below .5,
The whole question became of considerable practieal importance when Hartwell
and Pember (17) obtained evidence that the injurious effects of acid soils on
certain plants was due to aluminum rather than (6 hydrogen ions.  Subsequent
work, however, has indicated that the matter is far from simple. _

Except in the presence of sulfuric acid, it is probable that hydrosols of hydrated
alumina are of general occurrence.  Joffe and MecLean (24) find that this col-
loidal aluminum may be in excess of the alurninum in the solutivn. The origin
of aluminum appearing in solution in the agueous phase of acidified soils is no
doubt in part from solution of hydrated oxide, but there is evidence that so-
called hydrogen-saturated elays are partly saturated with aluminum ijons derived
from Jattice positions (2, 13).

Mattxen (35) points out that when soils are electrodialyzed, a considerable
alnount of silica sppears at the cathode,  This must be transported as complex
wuminosilicnte eations.  Mattson believes that A+ jons appear only at very
low pH vadues, and that normally aluminosilicate and aluminohydroxyl ions,
MO are the ehief jouie forms of aluminum in the soil solution. More
Teeertly Gapon and Voshehinskaya (11, 12) have concluded that in a certain
bodzol soil which they studiced, 40 per cent of the soluble aluminum was present
as oxyaluminum ions, ALOs}4,  Preatient of & KCl extract of such a soil with
ammonium sulfate produces a precipitate of aluminum oxysulfate, (ALO,I1).SO,.
The remaining 10 per cent of the soluble aluminum is referred to colloidal
alumina and Al*+. The possible existence of complex jons of aluminum and
Organic acids has been mentioned. 1t is clear that even the soluble aluminum
Pf soils can take very many forms and that our knowledge of the equitibriums
nvolved is quite inadequate. The maiter is, however, of great biological im-
Portance, as is easily appreciated when the great toxicity of the element in
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aqueous culture solutions is compared with the reduced toxicity of the elemen;
in soil cultures, as judged from the aluminum concentration in displaced s
solutions. Gapon and Voshchinskaya (11) at, least eoncluded that aluminyyy,
as ALOsH* was far Jess toxic than as Al**++, ag indeed might be expected. [y
must also be remembered that aluminum is mobile in alkaline soils, and thy,
since aluminm‘n phosphate can be a source of phosphorus around neutrality
some aluminum can doubtless enter some plants at any pH.

ALUMINUM IN VASCULAR PLANTS
Mean content

With sufficiently refined methods, aluminum ean apparently always be do.
tected in the tissues of flowering plants. The most reliable data for herbaceon.
vegetation (47, 30, 58) indicate a mean content of about 0.02 per cent Al in the
dry matter. Robinson ef af, (47) found a like content jn woody parts, but t}e
spectrographic ~tudies of de Rubies and Lemmel (48) perhaps indicate that sueh
an estimate for wood is too high. On the basis of al] these data, a mean value
of 0.002 per cent Al in the living plant seems reasonable, '

Accumulator species

Certain species habitually accumulate amounts of aluminum vastly in excess
of this small though variable amount of the eloment, normally present [see
Hutchinson (22) for full discussion]. The most remarkable cases are found in
the Proteaceous tree, Orites cxcelsa R. Br., in which a deposit of a basic aluminyn,
succinate, AL(C.H0.);AL0;, in a cavity in the trunk is recorded (89); in varioys
Theaceae (10, 0S); in most Melastomacene (10, 16, 23); in the Euphorbiaceous
genera, Baccaurea and A porosa (16, 23); in hickory, Hicoria orata {(46); in the
whole family Diapensiaceae (23, 68); and in Symplocos (8, 10, 23, 26, 41, 46,
49, 68).  Many of these eases have been discovered through the use of the plant
a8 a source of mordant in the traditional technology of dyeing. In some speeies
of Symplocos, cell inclusions occur which were supposed by Radlkofer to contain
aluminum; Kratzmann, however, finds that after ashing, they are insoluble in
HCI though soluble in HF., It is just possible that these inclusions contain an
aluminosilicate of biological origin; in view of the demonstration by Vinogradov
and Boichenko that nacrite can be hydrolyzed biologically, any ease of possible
aliminosilicate synthesis in an organisin acquires great potential interest.

DISTRIBUTION OF ALUMINTM IN PLANT BODY

A number of authors have concluded that there is a gradient in aluminum
content, the amount falling off from the root to the leaf. This is certainly true
in a number of species growing on very acid soil, the most extreme ecases being
the solfatara plants deseribed by von Faber (10), in which accumulation oceurs
in the root, but not necessarily in the acrial parts. In more normal plants the
leaf content of aluminum, as of other ash constituents, is often greater than that
of the stem (28, 58).
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ALUMINUM IN PTERIDOFHYTES

Though the recent work of T aubéck, discussed hereinaf ter, apparently indicates
aluminum to be an essentia) element in the nutrition of Pteridophytes, the few
rcliable analyses of ferns indicate that most, species have no greater content of
the element than do normal flowering plants (3, 30). There are, however, a
number of microchemiea] qualitative determinations by Kratzmunn (26) which
suggest that when an adequate number of ferns has been analyzed the amounts of
aluminum present will prove in general greater than in the spermatophytes,
Two groups of Filicales appear to be undoubted accumulators.  The Australian
ferns, Platycerium grande and P. alcicorne, which are usually epiphytes, contain
3.9t0 5.5 per cent Al in the ash or 0.18 to 0.38 per cent Alin the dry plant (7).
A number of species of tree ferns of the family Cyatheaceae are aluminum plants
(3, 68); good analytical data, on taxonomically determined specimens, are ye-
stricted to Taubock’s record of 6.2 per cent Al in the asly of Alsophila australis,
though in culture the supply could be reduced to an undetectible amount without
injury to the plant,

The few species of Equisitales that have been adequately studied, and Sela-
gineclla and Psilotum among the Lycopodiules, contain little sluminum, but in
Lycopodium itself very marked accumulation has been known for overa century;
the available information has been summarized by Hutchinson and Wollack (23).
Seme degree of taxonomy on the hasis of ash composition is obviously possible in
Lyjcopodium and the interest of the ense is greatly increassed by the fact that
Manske and his associates (31) are building up a far more refined and quite
ndependent chemical taxonomy based on the alkaloids found in these plants.
j\ Particularty Interesting feature of the aluminum aceumulation by Lycopodium
15 ity Specificity.  Ilutehinson and Wollack found no exeessive accumulation of
ither iton or gallium in L jlabelliforme, and also believed, though on not quite
f‘f""l“ulv analytiea] evidence, that the rare earth content of the plantis very low.

s suspicion has been confirmed by Robinson, as is indieated in his contribution
to ot present serjes of papers.  In this specificity the accumulating mechanism
SRR Ao difTer from that in the Lickory and probably that in Symplocos also,
Flie 1oy, on content is in marked contrast to cases where pathological accumula-
o of hoth jyon, and aluminum in discased corn stalks has been described (18, 19),

MEPABOLIC SIGNIFICANCE OF ALUMINUM IN PLANTS

Fhe nye interesting of the olderexperinments Apparently indicating a metabolic

" b .1n1' the clemeny i that of Nonmer (60, who fuund pronounced stimulation,

"'lf‘ill:llf_\' indicated iy (e sted yield, on additiom of 1 mam. Al per liter ¢
CHen eultgpes supposediy free (rom the element. Fhose experimentz and some
Crakir b ueh Jess strking ob:ervations of Lipman (32 on metze, should be

. :“]m("l‘ With St(*inlu'rg's eritici=m in ming that the Ghseprved efleets may be Jdue
 teeidenty] correction of a walliym dvhrn-m'_\'.-

T y . . . . : . .
. Miun.freg AlCI; solution is easily prepared by extraction of the allium with ether
©otisalution ing .\ HCL
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Taubick (63) grew 124 species of flowering plants in solution eulture. Speet .
graphic control of his medium indiented that it contained less than 25 Y Al ey
liter.  He observed no symptoms of aluminum deficieney, and in eight, Mpecics
second generation was suecesstully reared from seed set by the fiest, I Iy,
however, be pointed ont that the quantitiexol minorelements (boron, LNy
copper, zine) added in Tauboek’s experiments were of the same order of magy;.
tude as the upper limit of Al concentration possible. Morcover, it was ni,
practicable to avoid uptake of Al from dust through the epidermis of the aeryy)
parts of the plant.

Although these and other experiments leave the metabolie role of aluminum,
in sced plants of normal composition somewhat uncertain, a few observations
have been published suggesting that the element is of importance to accumulat,;
species,

Symplecos japonica, according to Neger (41), grows much better in Knopf,
solution containing 1.0 mgm.-atom Al per liter than in solutions containing .0,
0.1, or 10.0 mgm.-atoms. Irom all solutions, including the control, the plants
acquired some microchemically deteetible aluminum, but the uptake was greatest
from the optimal concentration.  No indication of control of acidity is, however,
given in the description of the experiments,

Vaceintum varingiifolium, V. lucidum, Rhododendron retusum, and Fieus
diversifolia, growing in certain excessively acid solfatara soils in Java, were found
by von YFaber (10) to require aluminum for normal growth, though in these plants
accumulation of the clement is confined to the ronts. At least in the case of
F. diversifolia, the contro! enlture was acidified, and therefore one eriticism that
might be brought against Neger's experiment on Symplocos is excluded.  Com.
parable experiments were performed by Yoshii (69) with like results.

Turning to the Pteridophytes, we find according to Taubdck a very different
situation, for here both the accumulator species, Alsophila australis and two
species of more normal composition, namely, Aspidivm Filiz-mas and Pol ypodium
proliferum, all failed to develop normally unless 0.16 mgm. Al per liter was added
to the buffered culture solution. Taubidck’s observations on these ferns are in
line with the results of Kratzmann (27) who, in somewhat ill-controlled exper-
ments, found that spores of Equisetum arvense failed to produce normal gameto-
phytes unless aluminum nitrate were present in the medium. A particularly
interesting aspect of Taubick’s experiment is that although Alsophila required
aluminum for normal development, the quantity needed is much less than that
required to produce the aluminum accumulation apparently normal to the plant
when growing in soil. The parent tree-fern from which Taubéck obtained his
spores contained 6.2 per cent Al in the leaf ash, whereas his plants, though per-
mitted to grow in culture in the presence of 0.1 mgm. Al per liter, failed to
accumulate the element. It would appear that a mechanism has been developed
to permit the entry of the element, but not to regulate the excess consumption of
the large quantities normally present in the environment. This, however, can
hardly be true of the other ferns that he studied, for in Aspidium Filiz-mas.
Church (5) found only traces of aluminum, though Stoklasa (62) notes, probably
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quite unreliably, 0.51 per cent Al in the ash of the aerial parts. Conceivably
such speeies may have developed a more accurate regulatory mechanism, though,
as has been noted, it is possible that the aluminum content of ferns is somewhat
higher than of flowering plants. 1t is, moreover, doubtful whether mere excess
consumption will explain the taxonomic regularity of accumulation in Lyco-
podium, where it is reasenably certain that the high capacity to accumulate the
element, often in rather constant Aamounts, represents an evolutionary spe-
cialization.

"All these experiments can be eriticized on the grounds that gallium may be
involved as an impurity in the aluminum salis used, and all should be repeated
with such a thought in mind. In the case of Symplocos, experiments should also
be conducted with the rare carth clements, Taubéck’s work at least indicates
unequivoeably that the three ferns studied require aluminum, or some e¢lement
associated with aluminum, in much greater quantity than do most of the flow cring
plants. To the present writer, who is possibly overimpressed by the specificity
of the alumjnum-accumulating mechanism in Lycopodiwn, the most reasonahble
explanation of the observations is that aluminum is actually required by the
ferns and probably by tle other vaseular cryptogams, '

Apart from these experiments mention may be made of work by Sergeiev and
Sergeieva (56, 57), which appears to indicate an increase in the frost resistance
of wheat, due to aluminum, and of the remarkable observations of Licbig,
‘;ansvlow and Chapman (31), demonstrating that aluminum protects citrus
cuttings from the poisonous effects of slight excess of copper. The presence of
eluminum had no effect on the distribution of copper in the plant, nor was any
evidence of precipitation of copper by the aluminum in the culture medium to

‘noted. The well-known effect of aluminum in the production of blue flowers
i Hydrangca has been the subject of many investigations, admirably revicéwed
by Chenery (4), who showed that the blue color is due to formation of an alumi-
i complex of a delphinidine diglycoside.-

EXCESS ALUMINUM AS AN ECOLOGICAL FACTOR

By far the most important aspeet of aluminum is its action, when present in
"Messinsoluble form, as a limiting factor to the growth of certain plants. This
“-:pr-l'l ol the Liogeochemistry of the element was first clearly indicated by
]“’If“""lli (50}, Rupreebt and Morse (51, 52), and Hartwell and Pember (17)
SMuimnenge
“Ppear that
T lh:tl,

umount of work has been done on the preblem, and it would now

acid soils are unsuitable for some plants on account of their acidity,
in other cuses, the iereasing conventration of hydrolyzate-oxidate cle-
L‘ :“!-\ limits the growthof plants. 1o view of the number of cuntributions that
St appenred on this mwatter, a svnoptic summary of results alone can be at-
. in the present review. A tull simmary of the literature has been given
et earlier review (22).

In 4 ; . .
' & number of cases wmounts of aluminum, as AI***, of the order of 1 mgm, per liter

BN NP . . . . .
L oAeTCIse g distinetly unfavorable sffect in solution cultures.
fhepe s . o .. . o . .
Teis much interspeeific variation in the threshold or fatal doses of aluminum; Gilbert
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and Pember (13) have adduced evidence that such variation in tolerance may regulag,.
competition between certain grasses and dicotyledons,

There is a great diserepancy between the threshold toxicity of A1™* in solution eultyr .
and the amount present in soil solntions in pot cultures of plants just showing injury
Thus Sommer (60) found 2 mgm, Al per liter injurious to wheat in solntion culture, where,

Mattson and Hester (36) did not. get an effect with two clectrodiadyzed soily adjusted o, .

various pH values until | or 2 mgny. soluble (AL Fe .05 per 100 gm. soil were present, cor.
responding to at least 3 to 10 mgm. Al per liter of sail solution and probably consideryd,) .
more.  Mattson and Hester also found that silieation of 1 s0il not merely reduced the |,[>|
at which a given amount of aluminnn, appeared in sohition but slso increased the toleruy,..
to such a given concentration. I'he formt in which alninum is present in the soil solutiyy,
is clearly of great importance. Mattson and Hester have given evidence that aluming.
silicate fons exist and believe them less toxie than AL, Gapon and Voshchinskaya (1],
12), as has already been indicated, found evidence of ALOJIIT jons, which they concludey
are relatively nontoxie.

Phosphate treatment and liming hoth reduee the aluminum toxicity of a soil. In tl,
case of lime treatment, presumably a rise in pl eauses loss aluminum to go into solution.
In the case of phosphute treatment the mode of action is obscure. Burgess and Pember 3
and Pierre and Stuart (42) found that addition of phosphate did not cause any decreasg
in the aluminum uptake hut did cause a marked increase in phosphate uptake. It is pos.
sible that the aluminum is fixed ns the relatively insoluble AIPO, within the plant, particy.
larly in the roots. Some workers, notably Sergeicv and Sergeieva (36, 57), believe that
there is a specific ionie antagonism Letween Al++ and O™, but the evidence cannot be
regarded as satisfactory. The experiments of Trenel and Alten (61) are of considerable
interest. In one scries, carn plants with divided roots were exposed on one side to a com.
plete nutrient solution without aluminum, and on the other, to aluminum solution. In.
jury was limited to the roots exposed to aluminum. In another series, aluminum we
added to a phosphate-frec nutrient solution on one side, and phosphate supplied on
the other. Mere the whole plant was inhibited. The percentage of N, K, Ca, and P jp
the dry matter of such plants was, however, greater than in the controls, so that these
elements were taken up by the injured roots in excess of the amount the depauperated plunt
could effectively utilize. In most cuses, however, the relative magnesium content was re-
‘duced, but one scries failed to show this effect. It is tempting to suppose that the roo
injury may limit uptake and utilization of magnesium and therefore assimilatory processes,
but tlie exceptional case probably excludes such an interpretation.  Interference with
normal copper metabolism may conceivably have to be considered in view of the results
of Liebeg, Vanselow, and Chapman (31). :

ALUMINUM IN ANIMALS

Most of the aluminuin taken up by herbivorous animals is apparently excreted
withthe feces; at least a part of this has apparently been absorbed and passed
into the bile. The net result of the assimilatory process is, hc wever, to produce
an organism considerably podrer in aluminum than is the food. The best results
(9, 29, 37, 38, 39) indicate that whercas mammalian muscle is very low in the
element, the viscera may contain a little over 1 mgm. Al per kilogram wet.
Myers and Mull (10) and IKehoe, Cholak, and Story (25) find like amounts in
man; Lundegirdh and Bergstrand (33), investigating many human livers, how-
ever, found a mean value twenty or thirty times greater than that of other
investigators on man or other mammals. The explanation of this diserepaney
is not clear, as Lundegirdh and Bergstrand’s results for other elements agree
with those of previous investigators. For the present the best general value for
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mammalian tissue is probably about 0.5 mgm. per kilogram, representing about
one fortieth of the quantity of the element in the food. Scoular (55) found no
evidence of retention of aluminum jn the growing human child, though she (53,
1) was able to detect retention of zine and copper. Despite the low quantity
of aluminum present in manmalian tissue and the negative results of all modern
experiments  producing alutiinum-deficiency symptoms in mammals, there is
evidence from the work of Horecker, Stotz, and Hogness (20) and of Potter and
Sehneider (43) that aluminum js involved in the suecinie dehydrogenase-cyto-
chrome C system, which is the chief mechanism for oxidation of succtnate in the
mammalian body. It is supposed that aluminum is involved in the reaction
between eytochrome-C and its reductant, presumably succinie dehydrogenase.
Some other tervalent elements, namely, Cr, Nd, La, and Sm, can substitute for
aluminum.  Analytieal evidence, both from the cnzyie preparations themselves
and from the known composition of the mammalian body, strongly indicates that
aluminum is actually the element involved tn 17vo. It is noteworthy that on the
diet containing the least amount of aluminum yet available, which supplied 1 to
L5 v daily to the rats used in the experiment, the Jiver accumulated 90 to 107 y
per kilogram of the clement, and that increasing the aluminum in the diet
twentyfold to thirtyfold cuansod but a threefold increave in the liver alumi-
num (21),

Finaly it is desirable to point out briefly that although massive doses of
shiminum ip stoichivmetric exeess of the phosphate intake may cuuse o rachitie
condition, there is little evidenee that this would ever ha ppen from ingestion of
‘it food prepared from aluminum-containing baking powders. The sUp-
Poedinjurious effect of alurainum cooking vesscls appears to be quite apocryphal,
Phe st striking spocies of aceumulutor plants, however, ceriatnly contain a
St exeess of aluminum over phosphate, and would constitute by themsclves
Wipossible diets for herbivorous vertebrates unless, as is very unlikely, the alu-
M s i sone Torm incapable of reacting with phosphate prior 1o absorption
“the fatter in (he intestine.
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SECTION I—Clinical Medicine: Diseases of Digestion

The Effect of Administration of Aluminum Preparations on the Secretory
Activity and Gastric Acidity of the Normal Stomach*

A. C. IVY, M.D,, LAWRENCE TERRY, M.S,
G. B. FAULEY, M.D.

.

WM. B. BRADLEY, M.S.
CHICAGO, 1LLINOIS

LTHOUGH aluminum preparations have been and
are being used to some extent in the treatment of
“peptie’” uleer in man (1, 2, 3, 4, 5, 6), we have heen
unable to find a study of the effect of the prolonged
administration of relatively large quantities of such
preparations on the secretory activity of the stomach
of normal subjects. Ilinsel, Adams and DMyers (2,
2) observed that the gastric acidity of ulcer patients
was reduced after several weeks of treatment with
aluminum hydroxide cream (“Al cream’), although
a normal histamine response was obtained. Such a
reduction in acidity may Le aseribed to several factors,
such as: (a) a natural decline of ithe “abnormally
reacting’” stomach in consequence of the remission of
the ulcer; (b) a decrease in gastric retention =as
the ulcer enters a remission: (¢) the aluminum, be-
cause of an astringent action on the gastro-intestinal
mucosa, or the coagulation of muein, or a reduction in
gastric digestion, may decrease the secretagogic action
of food; (d) the aluminum may cause a mild gastritis.
The , absorption of aluminum in systemic toxic
amounts and an effect on the acid-base balance of the
blood has apparently been ruled out (3). Because the
possible operation of the first two factors one cannot
derive from Einsel’s ohservations what the real effect
of aluminum medication on gasiric secretion is. This
work was primarily undertaken to answer that ques-
tion.
’ METHODS
The investigation was conducted chiefly on healthy,
vigorous dogs fed a balanced diet ad libitum. Two alumi-
num preparations were used. One was aluminum hydro-
xide cream. (In the earlier part of the work the cream
was made by us; later we purchased Creamalin (Cleve-
land Chemical Associates), the buffering action of which
was almost the same as our’s). The other was Alucol, a
colloidal aluminum hydroxide (Wander Co.) in the form
of a powder, which was administered with a little water.
A few cxperiments have also heen performed on human
subjects primarily for the purpose of ascertaining the
degree of buffering of gastric acidity obtained with the
aluminum preparations.”
The capacity of the two preparations to buffer N/10
HCl was determined. Neither was immediately soluble in
#From the Department of Physiology and Phgrmucology. Northwesiern

University Medical School, Chicaro, Illinois.
Sudbmitted October 29, 1936,

At ad

a large excess of N/10 HCI, Alucol being congiderably less
so than the Al cream, a factor that is concerned in the
interpretation of our results. The samples of the prepara-
tions were set aside in contact with excess acid for periods
of %, 1, and 2 hrs., and then back-titrated with N/10
NaOH electrometrically. In order for one to check our.
results the details of our method of titrating must be
given. Samples of 2 c.e. of the Al cream and 1 gram of
Alucol powder were used. The samples were placed in
100 c.c. of N,10 at 37° C., the mixture being stirred about
1; min. every 5 min. At the end of the periods stated, the
samples were quickly cooled to room temperatuve (20° C.},
5 drops of 0.275 Topfer’s reagent were added and the
mixture back-titrated with N/10 NaOH. Readings of
alkali used were made at three different H-jon concentra-
tions, namely, pH 3.76, or the first indication of change of
Tépfer’s from the red, at pH 4.0, and at the change of
Tépfer’s reagent to yellow, or a pH of 4.2. One c.c. of
aluminum hyvdroxide cream buffered at a pH of 4.2, 9.21
e.c. of N/10 HC! in one-half hour, 10.34 c.c. in one hour,
and 12.86 c.c. in two hours. One gram of the Alucol
powder buffered at a pH of 4.2, 22.18 c.c. of N/10 HCl in
one-half hour, 32.87 c.c. in one hour, and 34.97 c.c. in two
hours. .

The single doses of aluminum cream and Alucol actually
used were 20 c.e. and 10 gm. respectively, such relatively
large doses being chosen to obtain maximum effects, and
to buffer theoretically from 250 to 350 c.c. of N/10 HCl in
a two hour peried, provided the acid and aluminum prep-
arations were retained in the stomach, which of course,
docs not happen in vivo. In a one hour period these doses
have the potentiality of buffering (pH 4.2) 206 c.c. and
328 c.c. of N:10 HCI respectively. The values for pH 4.2
only are given because we always titrated gastric samples
to the yellow color of Tépfer’s, an unmistakable end point.

To one group (5 dogs) 20 c.c. of aluminum cream, and
to a second group (6 dogs), 10 gm. of Alucol wére given
four times a day, at 9 a.m. and at 1, 5, and 9 p.m. The
dogs were fed at about 11 a.m., excepting on the days that
test meals were fed. Medication was continued for more
than four months.

Before starting the medication, an index of the secre-
tion of the stomach was obtained (a) by feeding a test-
meal and then aspirating a sample hourly for four hours,
and also (b) by feeding the test meal three times per day
and aspirating the stomach 4 hours after each meal,
namely, at 1, 5, and 9 pm. After starting medication
the test meals and aspirations were performed about once
weekly. The test meals were given with and without
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TABLE 1
. Animols on continuous medication for sizteen weeks
Averages, daily Before Medication After Medication
Control First 9 weeks Last 7 weeks
. Free Total Free ’ Total Free Total

Aluminum Hydroxide Cream l

Plain Test Meals .069 220 .07 ! .23 07 .20

Medicated Test Meals 069 220 .06 | .19 .08 .21
|

Medicated Aspirations 112 .240 .13 , .28 .18 25
3

Alucol !

Plain Test Meals 077 ” 257 11 ! 31 11 .28
i .

Medicated Test Meals 077 ' .237 05 : .18 .07 .22

Medicated Aspirations 131 .258 .14 ! 31 .16 .31

- 1 §

aluminum and the four hour aspirations were also made
with and without the inclusion of aluminum.

The dose of aluminum was added to the meal; in the
case of aluminum cream this was done throughout the
period; in the case of Alucol, after several weeks the dogs
would not cat their food with Alucol in it, so the Alueol
was given by stomach tube, which did not influence the
results because the dogs were habituated 1o taking the
tube.

It should be pointed oul that the aluminum preparations
buffer alkali as well as acid. For this reason, althouch

'the values for free acid will be accurate, if much alumi-

num is present in the gastric sample the totul acid value

- (phenolphthalein as an indicator) will be high. The

nature of our results shows that the possible presence of
aluminum in our gastric samples did not materially aifect
the total acid values. However, the greater significance is
to be placed upon the free acid values. Al titrations of
gastric samples were made immediately,

RESULTS
The data are obviously very voluminous and cannot
be given in entirety. The data, however, were suffi-
ciently congistent to warrant the submission of aver-

‘ages for all dogs.

The averages on the five animals receiving 20 c.c. of
aluminum cream 4 times daily for more than 4 months
are shown in Table I. Similar data for Alucol are
shown in Table 1. The averaged acidity values of the
non-medicated test meals before and after continued
medication are shown as well as the medicated test
meals befgre and after continued medication, and the
four hour aspirations in which the meals had been
medicated both before and after the continued period
of medication. Such a scheme made it possible to de-
termine the effect, if any, of long continued medication

“on the response of the stcmach to non-medicated and

medicated test meals. Any difference as much as =
109 is significant.

It is obvious from an inspection of Table I that the
administration of aluminum cream or Alucol in ve-
latively large doses over a period of four months does
not decrease the gastric secretory response to a test
mezl; no significant change occurred, the trend being
toward a slight increase. In the case of Alucol and
the plain test meals a definite increase occurred. This
indicates that the stomach attempted to compensate
for the buffering action of aluminum; and on the days
that the non-medicated meal was given, the stomach
continued to compensate as though aluminum had

actually been added. This tendeney to compensate is
again shown in both the aluminum cream and Alucol
data for the medicated aspirations, which were made
4 hours post-cibum, or at a time the stomach was
practically free of food and medicament. As might
be anticipated the acidity of the medizated test meals
i3 reduced throughout the continued medication period,
the reduction being greater for the first period of nine
weeks than the latter seven weeks. This is not due to
the stomach adapting itself to the aluminum after
nine weehs or to the production of a gastritis, we be-
lieve, because when the average daily temperature
meteorological curve is plotted alongside that of the
gastric acidities, the decrease in acidities dauring the
last seven weecks correlates with the average daily
temperature, a fact that requires no discussion.

The attempt of the stomach to compensate for the
eftects of a meutralizing or buffering substance, of
course, is a well-known phenomenon and occurs par-
ticularly in the case of alkalies (7). In the case of
aluminum, however, the compensatory increase is not
marked. .

The effect of the addition of the aluminum prepara-
tions to a test méeal. The same test meal employed in
the former experiment was used and when medicated
the same doses of the aluminum preparations given
above were used. A gastric sample was obtained
hourly for four hours.

Aluminum cream: Twenty-two animals were used.
The non-medicated meal was fed 147 times and the
medicated 137 times.

Alucol: The same experiment was conducted with
Alucol on 28 animals. The non-medicated meal was
fed 156 times and the medicated 117 times. The data
are summarized in Table II.

First, it is to be noted that the data on the plain
test meals in the two groups of animals (Table 11)
check remarkably, demonstrating the beauty of the
averages of a large amount of data obtained under
controlled conditions. The greater “buffering” effect
obtained with Alucol in comparison to aluminum
cream is due chiefly to the larger dose of Alucol ad-
ministered, and we believe in part to the lower degree
of solubility of Alucol. 1t is interesting that the ratio
between the degree of lowering of free acidity at the
4 hour period in the case of aluminum cream and
Alucol (0.028 : 0.038 = 747%) (Table II) is the same
as the ratio between the “butlering” action of alumi-
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TABLE 11
Gastric acidities following test-meals (average values) expressed as per cent of HCl in 22 animals receiving Al
cream
o ;
. First Hour Second Hour Third Hour | Fourth Hour
! .
A Free Total Free Total Free Total ! Free Total
Plain Test Meals .018 .156 .044 .190 087 .236 125 274
Medicated Test Meals .014 128 .034 171 073 .233 .007 282
Reduction .004 .028 .010 019 .014 .003 .028 +.008
Per cent of reduction 229, 18%% 23% 105, 165, 1% 229, . +38%

Gastric acidities following test meals {average values) expressed as per cent of HC! in 28 animals
receiving Alucol

Second Mour

1

First Hour ‘Third Hour Fourth Hour
B . Free Total Free Total Free Total Free Total
Plain Test Mecals 017 1538 .045 182 .082 .231 113 .260
Medicated Test Meals .009 .092 027 125 055 .164 .078 . .209
Reduction 008 061 ; ) 018 057 027 .067 .038 .051
Per cent of reduction 47% 48C% l 40¢% 31¢; 339 28¢5 34¢; 205

num cream and Alucol in the doses used at a 2 hour
period (257.2 : 849.7 == 74c;). This means that the
differences observed are due chiefly to the differences
in dosages of the two preparations.

Aspirations four hours after feeding, or at 1, 5, and

-9 p.m. were made on both groups of animals, with

and without the meals being medicated. In the alumi-
num cream group 82 “non-medicated” and 146 “medi-
cated” daily aspiration tests were made; in the Aluceol
group 124 and 183, respective’y. The animals did not
receive more than 2 medicated sets of meals per week.
These data because of their bulkiness will not e sub-
mitted. They agree essentially with the results shown
under the fourth hour period in Table II. In fact, we
made the aspirations to check the four hour data in
Table II, and to observe if any accumulative effect of
the aluminum might be observed to occur when given
once or twice weekly at four hour periods during the
day. A slight accumulative or compensatory effect
was observed on the days the aluminum was given,
which did not manifest itself when plain test meals

“were given.

HUMAN SUBJECTS

It is obvious that the ingestion of either of the two
aluminum preparations will buffer gastric acid. How-
ever, we desired to perform a few experiments on
several human subjects to ascertain how effective they
might be.

Alcohol test meals: The normal gastric response of
6 graduate students, accustomed to the stomach tube,
to 50 c.c. of 79, alcohol, after evacuating the gastric
residuum, wag determined. Then, the alcohol test was
performed with Alucol (1.4 gm.) or Creamalin (4
c.c.), which was taken immediately after the alcohol.
The curves (free acid only) of the average response of
the group for two hours shows that the aluminum
preparation reduced the free acidity for 15 minutes
or longer. The variation in the response from subject
to subject was rather marked, and the tendency to an
increase in acidity after the aluminum had been evacu-
ated, was characteristic of 4 of the 6 subjects.

Regular meals: The subjects (6 graduate students)
in these experiments were instructed to choose a
breakfast, a lunch and dinner and to ingest the same
meals on three successive days, hourly samples of the
gastric contents being withdrawn and titrated im-
mediately. One day served as a control, and during
the other two days either Alucol (1.4 gm.) or Cream-
alin (4 c.c.) were taken 14 hour after each meal and
again at 10 am. and 3 and 8 p.m. The curves (free
acid only) of the group averages show that the frce
acidity is reduced, but tends to rise to normal values
an hour before the next meal. (It should be kept in
nind that 4 c.c. of Creamalin and 1.4 gm. of Alucol
buffer only about 40 c.c. of N/10 HCI in the test tube).

Similar experiments were performed in 10- subjects
(students) except that the dose of the aluminum prep-
arations was increased slightly and given hourly on
the half hour for 14 hours. The subjects ate at 7
am., 12 noen, 6 p.m., and hourly at the half-hour they
took 5 c.c. of aluminum cream (buffers 51.7 c.c. N/10
HCl in 1 hour and 46 c.c. in 0.5 hour) until 8:30 p.m.
A gastric sample was removed on the hour and just
before eating the noon and evening meal. A similar
series of tests was made using 1.6 gm. of Alueol (buf-
fers 52.6 c.c. N/10 HCI in 1 hour and 35.5 c.c. in 0.5
hour). Chart 1 shows the group averages and the re-
sults of subject Gr., whose free acid was reduced least
of all. (The aluminum preparations tend to cause con-
stination in some normal subjects). .

Effect of continuous and prolonged administration nf
aluminum hydroxide preparations on blood chlorides
and plasma CO, combining power. The plasma CO,
combining power and total blood chloride level were
studied in eight dogs, four receiving 20 c.c. of alumi-
num cream and four 10 gm. of Alucol four times daily
at 9 am, 1,5, and 9 pm. The plasma CO, combining
power was found to be in the normal range for dogs,
46 and 56, average 49, volumes per cent. The blood
chlorides expressed as sodium chloride raneced from
3.83 to 4.62, average 4.31 grams per ‘liter which is
slightly below or in the lower limits of the normal
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Thiv confirms the findings of Einsel and others (2, 3)
with the exception that our chloride values are some-
what lower, but our doses were relatively larger. The
chloride values on patients receiving aluminum cream
also fell in the lower limits of the normal range,

. DISCUSSION

In view of the astringent action of aluminum hydro-
xide we rather anticipated a decrease in the gastric
secretory response to a meal. No evidence showing
that such occurs on the single or continued daily ad-
ministration of the two preparations was obtained.
The buffering action on the acidity of the gastric

" contents observed was of course to be expected and

no significant difference in the two preparations in
this regard was noted. It has been shown clearly by
Boyd (7), using Pavlov pouch dogs, that alkalies such
as sodium bicarbonate and ecalcium carbonate in
ordinary doses given over a long period of time do
not depress gastric secretion, Very large doses (3

. gm. per kilo) depress, and on their withdrawal, a
-hypersecretion oceurs.

Small doses tend to augment
secretion. No evidence was obtained indicating that
the doses of the aluminum preparations used, given in-
termittently, stimulate secretion. However, the. pro-
tracted administration of the preparations tended to
augment secretion 1o non-medicated test meals given
on days when medication was dithdrawn. This tend-
ency of the stomach to compensate is analogous io
that observed by Boyd in the case of alkalies, and in
our experiment it cannet be aseribed to changes in
acid base balance in the blood, since significant
changes d¢o not occur (2).

Chart 1
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L= Time of meal

~m—Timeicf medication),"
- rcreamalin and alucol:

On the basis of our results pertaining to the amount
of “buftering” of acid that oceurred after the ad-
ministration of the aluminum preparations, we doubt,
as liinsel does, that the antacid properties of alumi-
num hydroxide preparations in the doses usually em-
ploved fully explain its reported effectiveness in
“peptic” ulcer. In animals that have received the
aluminum preparations for some time, one finds at
autopsy the folds of mucosa in the stomach and duo-
denum covered with flaky curds, presumably precipi-
tated mucin. Sometimes the duodenum is so couted
that about two-thirds of its mucosa appears as if it
had been covered with flour paste. This has been re-
ported by numerous observers,

We chose the relatively large doses of the two
aluminum preparations to administer to the dogs (a)
because we doubted that one would desire to ad-
minister much larger daily doses to man, and never a
larger per kilo dose, and (b) because we were inter-
ested in making observations on toxicity.

The question of the toxicit ¥ of aluminum compounds
has been iuvestigated and discussed pro and con at
considerable length. The older literature has been re-
viewed by Smith (8). Unfortunately, much of the
older work was not accemypanied by histologie studies
and the methods for the chemical analysis of tissue
were not sufliciently sensitive and specific to render
the results ot value. Since 1929, however, more zccu-
rate methods (9-14a) for quantitatirg aluminum in
biological materials have become available, the colori-
metric method of Eveleth and Mryers being the most
suitable. It now appears established that rats may
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be fed dietg containing from 0.6 to 3.6 per cent alumi-
num chloride or other soluble aluminum salts for a
Year without producing histologic changes in thejr
organs, affecting growth, producing anemia, or affec-
ting reproduction (13-22). The only meagep reports
to the contrary (23) are incomplete, Aluminum com-
pounds injected intmvenously or subcutaneously in
adequate doses are toxie, producing focal necrosis and
swelling in the liver and kidney prineipally (11). So
in the case of ingestion of aluminum, apart from the
local irritating action of soluble aluminum compounds,
the important question in regard to toxicity is how
much aluminum js absorbed. Two studies (9a, 19)
indicate that when soluble aluminum salts are per-
fused through an intestina] loop significant quantities
are not absorbed, it being suggested that due to the
alkaline reaction the colloidal hydroxide would be
formed which one should hardly expect to be absorbed
In appreciable quantities. When the more soluble
compounds have been fed by mouth to rats and dogs
in the amountg stated above, two investigations (13,
20) report no detectable absorption, four (14, 19, 11,
25) slight absorption, ang two (23, 24) absorption in
toxic amounts, As several investigators point out, the
Iatter two Investigations are open fo criticism and
could not be confirmed, Considering the results as
a_whole, it woulq appear that aluminum chloride,
tartrate or sodium aluminum sulphate, when given in
adequate doses orally, results in a slight increase in
the aluminum content of tissues, Only figrures ranging
in the region of the maximum normal are obtained,
All results show that the continued ingestion of alumi-

“num does not lead 1o continued or g cumulative

deposition of aluminum in the liver and kidney. Alumi-
num subcutaneously causes anemia (23). But, in
rats placed on-a diet to cause a nutritional anemia,
aluminum was found to exert no effect (27); in rats
on a normal diet conflicting results have heen reported
(28, 18). The German Burean of Health (29) fed
dogs aluminum hydroxide in quantities corresponding
with 1 gm. of aluminum oxide (A1,0,) daily for a
period of twelve months. No change in the appetite or
body weight occurred, and no histologie change in the
organs of the animals was observed. The aluminum
content of the organs was within the normal range,
A similar dose was given to man without causing
symptoms. Traces of aluminum were bresent in the
urine, but g significant inerease was not observed (12,

2,38).

In our normal animals no significant changes in
appetite and body weight have occurred with the re-
latively large doses of colloidal aluminum adminis-
tered. However, we are interested in ascertaining the
resulis of aluminum medication to Mann-Williamson

dogs in which 5 tendency to hypersecretion of gastric
Julce exists along with a deficiency of alkaline pan-
creatic juice and bile to convert any aluminum chloride
formed in the stomach to the insoluble hydroxide, To
date our data for aluminum in the liver of such medi-
cated dogs, receiving aluminum for from 3 to 8
months, have fallen in the normal range, except in
one dog with g very fatty liver (aluminum, 0.14 mg.
per gm. of dried liver). Underhill (11) found his
highest hepatic content of aluminum jn the liver of a
man whose liver was fatty. Our complete data on this
question will Le reported when ouyr results on Mann-
Williamson dogs are completed.

CONCLUSIONS

1. When aluminum preparations (aluminam hydro-
xide cream and powdered colloid aluminum hydroxide
powder) in relatively large daily doses, larger than
recommended in the therapy of “peptic” ulcer in man,
are administered for a period of 4 months to normal
dogs, a decrease in the gastric secretory response to
a meal does not result, The decrease in acidity re-
ported to occur in uleep patiénts on aluminum therapy
must be due to other factors than the effect of the
aluminum directly on the gastric secretory mechanism,
Under prolonged aluminum administration the gastric
secretory mechanism tends to compensate for the buf-
fering action of aluminum, or to respond to other
possible effects of aluminum, since we observed slightly
higher aeid values for the gastrie contents when non-
medicated test meals were used. The failure to ob-
serve this eflect in human patients (2) may be due to
the smaller doses employed clinically, .

2. When aluminum preparations are administered
with a meal in a relatively large dose once or twice
weckly, no definite change in the gastrie secretory re-
Sponse to a meal is observed. Temporary “buffering”
of acidity is of course obtained. ‘

3. The health of the animals was not impaired, as
Judged by the outward appearances, in spite of the
relatively large doses of aluminum. The aluminum
content of the liver of seven of eight dogs receiving
the aluminum for a peried of from thrce to eight
months was within the normal range of variation. A
review of the literature pertaining to the question of
the toxicity of aluminum compounds is presented,

4. The effects of administering aluminum prepara-
tions, both hourly and six times a day, on the free
acidity of the gastric contents in normal human sub-
jects eating three meals a day are reported. As might
be anticipated, the aluminum Preparations buffer free
acid and are more effective in thig regard when ad-
ministered more frequently,
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A SPECTROCHEMICAL STUDY OF THE NORMAL
RANGES OF CONCENTRATION OF CERTAIN
TRACE METALS IN BIOLOGICAL
MATERIALS?
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At has come fo be recognized that certain metals, once be-
licved to be foreign and dangerous to living material, or to be
accidental; at most, in thelr oceurrence therein, are regular
and normal constituents of the tissues and exeretions of ani-
mals and men. Conclusions as to the effeets of these metals on
health and disease must be based, therefore, on quantitative
information as to the limits of their normal coucentration in
biological materials, as well as to the ranges of concentration
which may give rise to signs of deficiency on the one hand or
of excess on the other. In the pursuit of such information
considerations of convenience, specificity, and accuracy have
led us to.use quantitative speetrochemical methods for the
estimation of a series of trace metals in various biological
materials under a variety of conditions. Our methods for the

determination of lead (Cholak, 352, ’35b), and bismuth
" (Cholak, ’37), were recently improved aud were extended so as

to make possible the simultaneous determination of a number

of metals in a single small sample. (Cholak and Story, '38).
The data presented lierein are concerned largely with the

concentrations of manganese, lead, tin, aluminum, copper, and

! Presented before ibe Section of Biological Chemistry at the Ninety-eighth
Meeting of the American Chemical Soeiety at Boston, Mass., September 11-15, 1939,
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-
silver which oceurred in duplicates of the composite 2446y,
food samples, in the exereta of apparently normal healthy
human adults, and in the tissues of selected persons whose
activities had giver them no unusual or occupational exposure
to these metals. A conxiderable volume of mmtformation on tie
lead content of individual food items, natural walers, and
samples of soil from various portions of the carth’s surfaenr
has accumulated since we recorded our ecarlier results and
reviewed the work of other mvesticators (Kehoe et all) 55y,
this is presented herein. Reference to the numerons articles
concerning the trace metals from other laboratoriesx has ot
necessity been reserved for a separate review,

ANALYTICAL TECHNIQUE

Samples were prcpare(l for analvsis by procedures outlined
previously (Cholak, '35 a, 35 b, "37: Choluk and Story, "38).
Suitable quantities of .\olutions of the ashed materials, the
inorganic salt compositions of which were made to conform
to the standards by the method of exeess (Cholak, 55 h, H7:
_Cholak and Story, ’38), were placed in eraters of purified
graphite electrodes and their are spectra were photographed
while a five-step logarithmic sector was being rotated helore
the slit of the spectrograph (Cholak and Story, ’38). The
method of evaluating the speetral lines was similar to that ot

strock ('36) except that opacities weve substituted for densi-
ties in evaluating very weak lines (Cholak and Story, "38). The
spectral region between 2600 A and 3300 A, in whieh the most
persistent lines of a large number of the metals oceur, was
photographed. Although limited in application thus far to
six metals, the method as applied to this region can be extended
to include others, especially iron, thallium, cadmium and
nickel. Zine, on the other hand, cannot satisfactorily be dealt
with simultaneously, since its most persistent lines at 3302 A
and 3345 A lack sufficient sensitivity for the detection of the
small amounts of zine novmally present and are also masked
by the <odinm line at 3302 A aud the ealcium line at 33435 A.
The deteetion and de toxmmdtmn of this metal arve dependent,

RPN S N N
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therefore, on speetrograms made by a speeial technique in the

extreme uttraviolet region (Zn line at 21385 A), which lacks
suitably persistent lines of other metals and for which spe-
cially seusitized plates must be used. In the case of manganese,
included sinee our latest publication (Cholak and Story, '38),
the Thie at 2501 A was employved in conjunetion with the chro-
mium line at 2835 A as internal standard. The Jatter metal
was added to the mixed internal standard, whieh then con-
sisted of 5 mg. of bismuth, 100 mg. of coball and 10 mg. of
chromium per 160 ml of solution (Cholak and Story, "38). .

The quantitalive sensitivity of the techuique used in these
analvses was further inereased by concentrating the solutions
of the axhed materials to o point bevond that of previous
practice (Cholak and St(n‘y,\'.'}z%). The vohunes of the final
solutions of tissues and whole blood were adjusted so that
each cubie centimeter was equivalent to 2 gm. of the original
material, while in the case of blood plasma each eubie eenti-
meter was equivalent to 3 ml. of original plasma. Such pro-
cedures pormittod the deteetion of 0.005 mg. of metal per 100
gm. of Tresh tissue or blood, and 0.003 mg. of metal per 100 ml.
of plasma.

RESULTS

“The results obtained on normal human tissues are recorded
in table 1. With the exception of the tissues of one male whose
occupational history was carefully checked, those examined
were from females who had never been emploved in industry.
This choice of material has limited the number of available
samples and has prevented the establishment of statistically
stable mean values for the concentration of metals in the vari-
ous tissues, but the arithmetical means are expected to fall

near the eventual stabile values.

Table 2 gives the data on the concentrations of the metals
in the urine of several widely seattered groups of normal men,
including thirty-four Frenchmen, thirty Mexican Indians and
thirty Americans. The results with respeet to lead on a group
of thirteen Germans are also shown. The urine (24-hour speei-

L8



(o5}
2 o]
t3

The eonecentration hvels of trace

R. A. KEHOE, J.

TABLE L

(arithmetical mean values)

CHOLAK AND R, V. STORY

metals in normal hwnan tissues (Americans)

MILLIGRAMS OF METAL P'ER 10U GM, OF WET TISsSUR

TINSUR Mn Py sn At (‘\1 Ag

Kidney 0.0060 0097 o000 0,042 0.166 T 000
Heart .032 0.038 HO22 0056 0.390 000
Brain 0.030 0.013 0.00 0,004 0.400 0.603
Liver 0205 0.130 0,060 0.160 0.710 0.005
Spl«-;*n o2 0.0130 0,022 01,130 (LORS 0.00
Lung 0.022 0.028 0.045 5.04 0.110 0,004
Muscle 00502 0,010 0011 0.015 0.125 0.00
Lang bone [T I.N8 0,080 0500 1.140 . 0,00
Rib bLone 0170 0,470 0.050 0.240 .410 0.01
Stemach 00301 w022 0,050 0.U73 0.107 0.00
Intestines 0.035 0,023 0.016 0087 0.110 0.002

* Results of single analyses.
TABLE 2

Ther concentrations of trace metals in normal urine erpressed as the eans,
their probable errors, and their standard devialions

MILLYGRAME OF METAL PFR LITER OF URINE

METAL Frenchmen Mexicans Ameritans {iermans Al zr«mpf_n
Mn 0.012220.001 0.01020. 1 I E
+0.001 *0. t
b 0.020==0.02  0.022+0.002 0.02920.002 0.027=£0,002 0.027:0.001
2+0.014 +0.017 +0.016 +0.012 +0.014
Sn 0.00+0.00  0.009%0.001 0.018+0.002 0.011=0.001
=+0.00 +0.007 =+0.013 =+0.010
Al 0.114£0.006 ,0.054=0.004 0,052%0.003 0.078£0.002
+0.048 #+0.021 +0.022 +0,032
Cu 0,03640.003 0.030=0.003 0.029:+0.002 0.034=0.002
*0.026 >0.024 =+0.019 +0.024
Ag 0.00 0.00 0.00 0.00
No, of ,
sumples 4 30 30 13 94
*Total in case of lead 107, in case of manganese 60. R
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TRACE METALS IN BIOLOGICAL, MATERIAL 583
mens) of a liculthy experimental subject was examined for
28 consecntive days aud the results, expressed in milligrams
of metal per liter of urine, are grouped in acceordance with
their frequeneies of occurrence, in table 3, together with the
caleulated means, the probable ervors of the means, and the
standard deviations from the means.

Blood samples from thirty normal Americans and thirty
normal Mexican Indians provided the results in table 4, in
TABLE 38

The coneentrations of trace metals in suceessive daily urine samples of a normal
adult American

FREQUENCIER OF OCCURRENCE OF THE QUANTITIES INDICATED

- MILLIGRAMS
R LITRR Ma L PP gy Al Cu A

0.00 ~0.000 D 7 1 2 23

0.010-0,019 : i 1 17 1 3

0.020-0.029 | A :

0.930-0.039 { | 1t i 1 5 ! 3

0.040-0.049 \ 4 4 '3

0.059-4.059 ‘ 1 4 1

0.660-0.060 | 5 2

00700074 ! 1 2

0.080-0,089 ; | 1

0.080-0,009 : | 2

0.100-0.109 f ';

(0.110-0.119 - i 1 1
Number of samples ;28 i 28 1‘— 2%, 28 S T
Mesn l001 | 0034 0.014 1 0052  0.037
1'robuble error | = ¢ | %0001 | %0001 | %0.003 | =0.002
Standard deviation | =9 +0.008 ' +0.007 | 0,025 | *=0.014

which the mean concentrations of the metals in whole blood
are shown. More detailed data obtained on twelve consecutive
weeklv samples of the blood of a normal subjeet appear in
tuble 3. Blood samples of the Ameriean group were obtained
in duplicate by dividing a 30 ml. sample of blood at the time
of its withdrawal. Onc portion was used {o determine the
concentrations of the metals in the whole blood (table 4),
while the other, after treatment with an anticoagulant (puri-
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-
fied sodium eitrate),* was centrifuged at once and the sepa-
rated plasma was analyzed. The gquantitiex of metals in the
plasma ot 100 gm. of whole blood were caleulated in each case,
and those in the formed elements were taken as the ditferenee

TABLE 4
" The econcentrations of trace metals in normat blood
- ;\ IH‘!‘.;;;;'M_'X'. .
MG, PER 100 GM, Mn 'h Nn Al Cn Ag
Mexicans:
Meun 0.018 0.023 anio Y o012 0,126 Trave
Probable error +0.001 40,0005 00015 0,001 +0.002
Rtandard deviation +=0.010 #0004  =0012 #0010 =*0.018
Americans:
Menn 0oz 0,027 0,014 0014 0103 Traee
Probable error =001 00006 =0.0015 0002 0,002
Standard deviation  =0.006 0005 0012 =0012 0013
Whole group:
Mean 0,015 0,023 0.012 .013 0.114 Trace
Probable error 0,061 +0,0004  =0.0000 40001 +0.002
Standard deviation =+0.009 +0.005  *=0.010 +.011 =+0.020
DISTRIBUTION IN BLOOD .
(AMERICANS)®
Whole blood:
" Mean 0.012 0.027 0,014 0.014 0.103  Trace
Probable error 40001 #0.0006 =£0.0015 0002 0002 '
Standard deviation +0,006 *+0.005 *0.012 *+0.012 =+0.013
Plasma:
Mean 0.004 0.0015 0.002 0.024 0.043
Probable error +0.0005 =%0.0002 00002 =40.002 =0.0015
Standard deviation =+0.003 +0.0013 *0.0014 =0.012 0012
Cells:
Mean 0.008  0.024 0.011 0.003 0.059
Probable error +0.001  =0.0006 =0.001 ==0,0003 = =0.002
Rtandard deviation +0.006 0,006 0008 =0002 0016

* Results based on 100 gm. of whole blood.

between plasma and whole blood. The caleulated mean values
for the whole blood, cclls, and plasma of the group are listed
in table 4. The histogram in figure 1 details the spread in the
results obtained for the copper and lead content of the plasma.

2In order to check the possible preeipitating effect of sodium gitrate on the
distribution of lead in the blood, a highly potent heparin preparation was used as

the anticoagulant in a number of blood samples, with results similzr to those 3n
sumples treated with sodium citrate.
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TABLE 5

T'he concentration of (raee melals v suceessive weekly blood samples of a normal
adult Awerican

FREQUENCIES OF OUCURRENCE OF THE QUANTITIES INDICATED
MILLIGRAMS

R 100 g, n 1'h Qn ! Al MILLUIRAMS ‘

f AR PER 100 6M, |
000000049 | : S 4 | 18 0070-0079 ¢ 9
0005-0.009 | 5 ' 3| 5 , 0.080-0.084 ,
0.010-0.0149 4 A 0.000-0,009 . ¢
0.015-0.0100 | g 1 1 0.100-0.100 | 4
0.020-0.0249 | 4 1 1 1 I 0.110-0.119 | o
0.025-0.0259 6 . 0.120-0.129 | 4
0.030-0.0344 | 1 b | 0.130-0.130
0.025-0,0300 1 3 U ‘
0H040-0,0449 1 1 1
Nunibier of | : : o 7“ T
stmples 18 11 18, 18 18 ) . 18
Mean L0016 0030 0.008 0.015 0.004+ | {0108
Probabie error! | | I
of mean - =001 20001 200011 =0.0021 120,003
Standard } ! ' ; i : 1
deviation | #0008 . 0,005 *+0.006 +0.012] 7 | L +0.018
15
14
B3
12+
11+
10 4
94
o 97
5 7
Z 6
B
£ 4
34
elity i ﬂﬂ
4
: H T hd T T } T 1 ! H T 13 T T X{——
[o] 10 oo 0 Q0 020 O30 040 050 060 O70
Pb tn whole blocd RATIOS Cu 1n whole blood

Tig.1 Histogram showing the variation in the relationship between the plasma
and the whole blood of normal human adults, with respeet to their concentrations
of lead and copper.
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While the consecutive urine samples referred to in table o
were being obtatned, the corvesponding foges and duplicat,
samples of the food and beverages taken by the subjecet were
collocted tor analvsis in 24-howr samples. The results are ox-
pressed in table 6 as méan daily intake and output.

Additional data concerning lead are given in tables 7 to 10,

TABLE 6
Comparisan of the mean daily grantitics of traee melals duosueecssive samph

af the feees and Food of a pormal adult mcriean

MILLIGRANMS PER 2 HOUK saspny

M (N = ! Un Vi

Fl)(l(!
Mean 4.289 o200 17.14 Rt 5 Do 1.0~
Trobable error +0.43 0027 = 10 = TO0 0N 0o
Stamiard deviation +3.38 *0.213 *=1017 +G1.97 -2 07T

Feves
Mean 3.60 0320 22,89 41.02 1.06 0075
Probable error =030 =00l =+ 1.26 = 6,19 4018 =005
Standuard deviation +2.350 +0.141 1093 1480 +1.33 TR

DISCUSSION

The concentrations of these metals in normal tissues, blood
and urine are seen to he low, and, exeluding copper and silver,
are of the same order of magnitude. The concentration of
copper is scen to be severalfold that of the other metals in
practically all tissues, while in the case of silver, which is
irregular in occurrence, only minute amounts are encountered.
The pattern of the distribution of these metals in the human
orzanism is rouchly similar in that their highest coneentra-
tions generally occur, in decreasing order of magritude, m
bones, liver, kidney and spleen. The most striking exeeptions
are {he concentration of copper in the brain, which ranks next
to that in the liver, and the concentration of aluminum in the
lung, which is higher than that in any other tissue, lul'_"."t‘l."-
no doubt, because of the inhalation of dust. Since alununum
is the most widely distributed metal on the egrth’s surface,
inhaled dusts, especially from streets, may be expected to he
rieh in aluminum. This omnipresence of aluminum may evert
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a serious influencee upon the aceuraey of determinations ot this
metal, since dust may be carvied on the shoes and clothing of
workers into the most ideal Jaboratory, the aiv of wiich is
fittered. Our consistently Tow and substantially nnitorm ve-
sults indicate that such contamination was kept at o minhinun.
In this connection it is to be vremembered that the sumples of
blood plasma were concentrated one-third more hizhly than
were the whole hlood samples; and thus they wave somewhat
Dicher vesults than the latter, on account of the inervased
analyvtical aceuracy obtained thereby and not becuns of con-
tamination, '
Manganese, lead, aluminmm and copper were recularly pres-
ent in all samples of human tissue and urine, while tin was
found in about 80%¢ and sidver in only 10%% of the samples,
Although all metals but silver were frequently preseut in
Blood, there were decided ditferences in the distributions of
these metals between the eells and plasma. Thus, manganese,
Tead and tin were located principally in the cells; aluminum in
the plasma, and copper fairly evenly divided between the

‘two, the cells usually containing slightly larger quantities.

All Six metals occarred regularly in the teces and in com-
posite food samples, and in coneentrations considerably
ereater than those found in the tissues and the urine. In the

case of each metal, the actual quantities found in the series of

24-hour samples of feces were of the same order of magnitude
as those in the 24-hour samples of food, a fact which, in view
of the low concentrations in the tissues and the urine, not only
demonstrates that each of these metals is eliminated almost
completely by the alimentary traet, but also suggests that they
are but seantily absorbed by the alimentary tissues.

The detailed sources from which these metals are devived
requive further clucidation. It is well known that certain
foods are high in manganese and copper, and that tin, alu-
minuny, and silver in the dietary are derived to a large degree
from the use of food containers, cooking utensils, and table
ware, made of these metals. Only in the case of lead, however,
are our data sufficiently numerous and varied to provide &
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The nwatural lead contert of soil, awcater, and

MATERTAL

Seil (dry)

Soil (dry)

Noil (dry)

Soil (dry)

Roil (dry)

Tea lenves (dry)

Fruit of tree (wet)
Felinge  (wet)

Bark (dry)

Root (dry)

Latex (wet)

Bark (dry)

Latex (wet)

Coeoa beans (dried husks)
Cocoa beans (dried nibs)
Peas (green)

Peas (green pods)
Beans (green)

Beans (green pods)
Cherries (green)

Apples (green; unspraved)
Pears (green, unsprayed)
Corn (green stalk)

Corn (green husk)

Corn (green on cob)
Wheat (green)

Redishes (green)

Sea water

Sea water

Sea water

River water

Pond water

Well water

Stream water

Well water

|
i
|
|
|
|

TARBLE 7

SOUKCE

© Northwestern U8\,

State of Mexico, Mexieo
Yucuatan

SRonrawae _
River hottom in Sarawae

Cexlon

Yueatian

Rirawac
s

Trinidad
rr

State of Mexico

’y 15 1
1y LX) 3]
2] 1 ’
1y ’y vy
L] L] ’s
144 3] Xl
’ »y )
2] 39 i)
I3 E3] sy
i) X rs
12 ’ 1y

Curibbean Sea
Pucific Ocean
Atlantic Ocean
Sarawae

i84

Mexico
bl

T.R.A.

A, KEHOE, J. CHOLAK AND R, V.,

|
|

| less than 0,02% |
| less than 0.02% |

{
b
|

STORY

vegelation

HANGE
Popan,
TH =157
070 - K0
ORG-25 0
1.20-3.0

4.8
0
0,15 - 0,30
1,25 = 0,60
0,04 - 0 40
005
004 — 108
004 - (1,25
(oY - 004
040 ~1.00
.03 -0.35
0.03
0.05
0,15 -0.26
0.04
0.05
0.12
0.18

0.05-0.11
0.26
0.03 - 0.31
0.27
0.28

0.003-0.005
0.005
0.004-0.02
0.009

0.009
0.02-0.03

| NUMBER

OF

SAMPLES

o

L3 e e g

e d L3 LY W LD e QO

[ 8]

' Data of Jones and Hateh, Soil Science, vol. 44, p. 37 (1937).
2 Limit of sensitivity of analytieal method thep in use.
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fairly comprehensive pieture of its origin in the diet. The wide
distribution of lead is elearly indieated in tables 7 to 10, Is
presence in the soil and in the vegetation growing therefrom,
is xhown in table 7. In our experience, as ilustrated in these
data, the natural lead eontent of vegetation rarely exceeds a
smadl fraction of a part per million, but there ix always some
simall quantity, whether the plant grows in the surface or is
deeply rooted in the carth. There is a cousiderable variation
among plants aud in different parts of the came plant, with
respeet to lead concentration, but probably not to the extent
indicated by the data, since certain of the samples could not

TABLE 8 TABLE 9

The natural lead coentent of ecoral
(Florida Keys)

The tead content of bone (Awmerican),
No oecupatiopal lead erposure

LEADL IN PARTS FREQUENCIES OF MILLIGRAMS Phres 100 GM.

PER MILLION OUCURRENCE AGE IN WET BONE
(.00~ 4.99 1 o VEARN Rib Yemur
5.00- 9,90 7 6 ’ 1.02 T 1.14
10.00-74.09 11 209 1.11
15.006-19.99 4 51 047
20.00-24.99 1 G4 0.80
=5.00-29.09 70 0.39 3.50
30.00 1 5 0.60 ’ 289
Total 25 jih 0.56 1.38

be so handled as entirely to exclude the possibility of surface
contamination with soil or atmospherie dust, although every
cffort was made to do so.

The oceurrence of lead in natural waters is also indicated
in table 7. The results on sea water bear a significant relation-
ship to those obtained on a series of coral skeletons, as shown
in table 8. The latter samples were obtained for us by R. L.
Cary of Princeton University (whose assistance we gratefully
acknowledge), from the Tortugas Laboratory of the Carnegie
Institution, with such precauntions in packing as would prevent
surface contamination. These analyses were made because of
speculation as to the possibility of the development of sub-
stantially lead-free soils on a coral island. Since’it is apparent
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that there is a sclective absorption of Tead hy the coral skeleton,
it is searcely to be expeeted that a soil fouuded upon sueh
material would support the growth of lead-free plants and
animals.

TABLE 10

The lead content of rarious fods and drinls

ABRTIC LE- BANAY N"i\::'=|:l(

B ~ SAMPLES

popae. '
Wheat Dread 0.02-0.16 8
Bran flakes 0,14~0,15 2
Crackers and pretzels 024025 o
Spaghetti (prepared for eating) 0.006-0.1 2
Corn (dry) 024 1
Cornstarch 0.73-1.83 4
Cern syrup (210,49 2
Cocoa (2¢ brands) 0.4-11.5 C2n
Tea (dried leaves) Chinese 432 1
Cabbage 0,10-0.24 4
Fruits (raw and cooked) traces-1.00 16
Beef liver (fresh) 0,290,400 ) B3
Meat (cooked) traces—0.63 9
Meat (ground, cooked) 0.15-0.13 3
Sausuges (eooked) 0.16-1.60 4
Eygas {raw and cooked) traces—12 ) 6
Coffue (prepared for use) 0.01-0,03 2
Milk 0.02-0.04 3
Beer 0.01--0.09 21
Grape juice 0.04-0.40 7
Wine (domestic and imported) 0.05-1.51 10
Water 0.02-0.03 10
Water 0.57-0.021 3

* Obtained from building in which water was standing unused in pipes for some days.

As shown by the standard deviation of the mean value
(table 6) the freely chosen daily diet of a normal healthy adult
shows considerable variation in its lead content. Tt is not to be
assumed that all such lead is of natural origin, although the
results on commonly available foods and beverages, as listed
" in table 10, show that such is the origin of a considerable pro-
portion of it. As we have pointed out elsewhere (Kehoe et al.,

'33), the increment of lead content above that which is a
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natural constituent is due to contamination from a great
variely of sources.

The essential equivalence of the mean daily intake and out-
put of lead, as previously referred to in commenting on the
results for the entive group of six metals, is worthy of special
note in conneetion with the data of table 9, which fail to reveal
any relationship between age and lead concentration in the
skeletal tissues, These data are obviously too few to give direct
and definite evidencee against an indefinitely progressive aceu-
mulation of lead in the body in response to the customary
regular intake of lead over a prolonged period, but they are
presented because of the care taken against the inelusion of
almormal material among the samples.

SUMMARY

A quantitative spectrographic method of high sensitivity
and preeision has been employed for the simultancous deter-

mination of lead, manganese, tin, aluminum, copper and silver

in normal biological material.

1. Lead, manganese, copper and aluminum were present in
all materials examined; tin was present in about 80% and
silver in 10 to 209 of the samples.

2. The mean concentrations of these metals in a liter of
normal urine has been found to be below 0.01 for manganese
and 0.078, 0.034, 0.027, 0.011, and 0.00 mg. respectively for
aluminum, copper, lead, tin and silver.

3. The mean concentrations of the metals in 100 gm. of nor-
mal whole blood are 0.114, 0.025, 0.015, 0.013, 0.012, and 0.00+4
mg. respectively for copper, lead, manganese, aluminum, tin
and silver. .

4. Practically all of the manganese, lead and tin is contained
in the formed elements of the blood; aluminum is found almost
entirely in the plasma, while copper is almost evenly divided
between the two, the formed elements usually containing a
slightly higher concentration.

5. The concentrations of these metals in consceutive daily
or weekly sumples of urine and blood from the same indi-
vidual are not constant but vary from sample to sample.
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6. The daily output of thix group of metals in the fo

practically equivalent to their daily intake in the diet,
. The wide distribution of lead is indje

on a large number of natural materials,

¢es s

ated by data obtaineg
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and on Renal Function
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JOSEPH B. KIRSNER, M.D.*
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LUMINUM hydroxide was first introduced in the have uniformly emphasized the value of colloidal
treatment of peptic ulcer in 1922 by Roch (1). aluminum hydroxide and this preparation is now
Guillermin (2) and later Crohn (3) found that it re- widely used in the therapy of gastro-duodenal ulcer
=~ duced the emptying time of the stomach, lowered and various forms of gastritis. One of the most im-
gastric acidity, and caused no harmful side effects. port?nt ggalltles attributed to a%ummum hydroxide is
Subsequently a large number of clinical reports (4) its inability to produce alkalosis even though large
— quantities are administered. This claim has been
¥* . - .
e e o o ey beversiGE CRIsS g0 supported by the clinical observations of Rutherford
TABLE I
L ACID BASE BALANCE
Avg. Blood Urea
Total Amt. Daily Cl CO. pH Nitrogen Urea
. Sex Aluminum No. Amt, (160-110 {22-30 {7.35- (9-15 mgm. Clecr- Day of
— Case Age Hydroxide - Days {ce.) mM/L) mM/L) 7.43) %) ance Trea‘.tment
1. H.H. F - _ 96.2 25.6 7.45 12.3 86% 4th
228115 35 312 ce. 6 53 96.9 26.1 7.45 L 6th
~ 2 P.B. M . 98.4 23.6 7.45 17.1 8164 4th
230768 33 454 cc. 11 au 1029 27.0 7.41 12.4 180 11th
3 G.F. M 103.4 30.3 7.38 1st
— 239655 .40 528 cc. 22 24 108.2 29.7 7.42 22nd
4 1.8, M 102.3 20.3 7.45 11.0 849 4th
203310 29 956 ce. 21 46 93.4 23.2 7.47 Tth
: 97.8 " 319 7.49 9.2 140 12th
— 98.6 30.7 7.48 8.0 140 1Sth
102.8 31.6 1.46 8.2 121 215t
. 134 100% 1% yrs.
5 N.Ww.sS. M 1 previously
- 141313 29 1564 cc. 23 63 1017 25.9 7.48 1st
, . 12.6 97 7ith
100.7 28.3 7.48 ... ... 23rd
6. F.McC. M 101.0 20.9 7.45 16.9 . 5905 1st
235528 43 2230 ce. .30 5 94.0 31.6 7.48 140 104 3rd
- 94.2 30.0 7.48 .. .. 6th
96.3 33.7 7.48 . . 10th
95.0 31.3 7.48 8.6 81 30th
—_ 97.3 20.5 .47 14.7 71¢% 1 mo.
1. E.F.C. M previously
232945 67 2255 ce. 29 8 102.9 21.5 7.48 8.9 65 4th
100.4 29.8 7.47 . ... 29th
8 K. M _ 99.4 6 7.46 14th
~— 237176 20 2920 ‘ce. 73 40 1033 | 287 7.49 R 43rd
1028 28.9 7.47 .- . 73rd
9. 100.0 29.4 7.42 ... - 1st
L.J. M 3024 ce. 84 36 103.6 24.9 743 14th
-~ 238664 35 . 100.5 '28.4 7.43 .. ... 42nd
101.0 297 7.42 84th
‘(!Lm . G ‘,h e l/dﬁt'»cLi;é;g 1
— N
1
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and Emery (5), BEads (6), Woldman and Poland (7),
Brown and Dolkart (8) and others. However, there
reported studies of the effect
=qf aluminum hydroxide on the acid-base balance.

p—

have been relatively few

KIRSNER—EFFECT OF ALUMINUM HYDROXIDE ON THE ACID-BASE BALANCE

In
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1934, Einsel, Adams and Myers (9) reported that in
five cases this antacid did not elevate the blood CO,
content nor significantly alter the total base and blood
chlorides. Bennett and .Gill (10) likewise observed

- TaBLE I (CONTINUED)
ACID BASE BALANCE
Avg.
Total Amt. Daily Blood Urea
— Sex Aluminum No. Amt. Urea Clesr- Day of
Case Age Hydroxide Days {cc.) [ 031 CO; pH Nitrogen ance Treztment
100.2 27.1 7.48 2 days
10. H.E. M previously
- 188969 46 3268 cc. 31 105 100.9 29.6 151 .. 2nd
’ ) 95.9 29.9 7.49 14.9 41.1% 6th
98.2 30.5 7417 ... 9th
100.4 30.1 7.47 10.7 52.5 15th
9.9 54.2 22nd
’ 104.0 29.1 7.46 10.4 40.4 28th
— i 100.0 27.0 744 .. ... 31st
- 1L AK. M - 08.0 27.3 7.50 1st
207457 43 3290 ce. 45 73 IO 27.0 22.0% sed
19.6 217.0 3rd
101.7 28.5 7.48 18.5 32.0 Ath
-— 105.0 27.1 7.43 13.5 37.0 7th
103.6 24.9 7.46 8.9 30.0 11th
106.1 25.4 7.48 11.9 34.0 18th
104.8 27.4 7.43 123 42.0 29th
L. .. . 13.1 63.0 36th
101.1 29.6 7.47 13.8 58.0 45th
A—
12. AR, M 102.6 23.7 1.49 111 9855 3 days
previously
234911 26 3534 ce. 107 33 99.4 21.9 7.49 12.0 144 4{th
103.9 23.6 7.48 7.7 131 13th
p— 99.6 27.5 .46 e . 19th
100.8 28.6 7.47 ... 46th
.. 9.7 125 66th
108.5 24.3 1.50 .. .. 107th
—~TN s AE. F 102.8 26.7 7.47 1st
' 56366 36 3640 cc. 78 47 102.2 29.9 1.46 . 21st
- - ... 30.3 7.47 o .. 49th
: . 105.7 28.2 7.43 IO ... 78th
— 14. AR M B 85.2 29.0 7.48 .. vee 4th
182058 37 3965 cc. 93 42 105.7 24.6 7.45 . Sth
104.8 26.2 7.45 .. .. 12th
104.0 21.1 7.43 .. ... 93rd
) J.McD. M 101.8 28.5 7.43 .. iee 176th
~ 5 226545 48 4400 cc. 220 20 105.5 28.0 7.48 220th
— S
TS P.R. - M : 95.8 28.9 7.48 st ©
234794 38 6448 cc. 144 45 98.7 29.5 .46 ] . 8th
— . 93.8 32.8 7.44 .. ... - 15th
98.6 30.1 7.42 . ... 29th
30.9 50th
95.9 32.0 7.43 15.3 54% Tist
. 15.9 61 116th
96.4 30.4 7.50 .. . 144th
—
——
11. ¥.G. M 100.5 29.4 7.48 N . 5 days
19177 58 6600 cc. . previously
174 38 100.5 28.5 7.43 . 3rd
102.1 28.5 7.43 14.0 576 §th
- 100.8 29.3 7.43 ... . 13th
102.6 '29.1 7.42 . . 42nd
.. . 10.5 62 T7th
103.3 28.0 7.43 . 16.9 72 122nd
107.0 29.7 7.43 . ... 133rd
101.0 28.7 7.48 . e 174th
p_—~
18. v.J. M ‘103.4 29.2 7.42 . . 184th
119460 40 8412 cc. 207 41 104.2 30.1 7.45 L 207th
o, 19. L.A. M 104.5 29.2 7.48 16.8 1205 Coatrol
223689 29 10,648 ce. 193 54 101.5 30.9 7.43 29th
103.5 32.’2, H; ... e 431-;«1l
102.6 31, . 70th
PN 104.1 30.5 7.50 et ... 96th
... . . 11.3 81 160th
100.2 33.9 7.47 .. e 193rd
—
G. r 104.9 26.8 7.38 116th
2 1};{1359 55 10.976 ce. 261 42 106.4 23.2 7.43 261st
. a—-—
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TABLE I (CONTINUED)
ACID BASE BALANCE
Avg.
~ . ‘Total Amt. Daily Blood Urea
Sex Aluminum No., Amt. Urea Clear- Day of
Case Age Hydroxide Days (cc.) Cl CO, pH Nitrogen ance Treatment
21, M.G. M . 93.6 23.8 7.49 11.9 889 st -
229503 19 11,462 cc. 116 99 99.6 |- 277 7.46 LT 6th
100.8 29.8 7.49 8.6 111 12th
97.6 30.7 7.48 8.4 82 20th
101.0 29.3 7.48 L . 40th
100.9 28.6 7.47 11,3 148 59th
100.9 31.9 1.46 14.5 100 116th
22, .M. M 27.5 7.55 20.2 69% 6 years
92827 47 18,984 cc. 241 79 ... .. 16.7 63 previously
79.2 45.1 7.59 545 13 Alkalosis just
99.7 28.7 1.63 322 21 prior to use
102.4 26.3 .45 21.2 29 of aluminum
hydroxide
P 101.0 28.5 7.46 16.9 36 ¥ 4th
103.8 25.2 7.43 18.4 38 Tth
100.2 25.4 7.48 ©16.0 44 11th
104.4 27.7 1.46 18.7 - 59 28th
C el Ce. 22.6 46 42nd
100.8 L - .. 56th
101.4 29.0 7.44 20.0 1 91st
102.6 28.2 7.46 26.1 69 161st
99.2 28.7 T.44 21.0 82 241st
. 23. N.F. M
227265 67 27,805 ce. T3 393 L. ... .. 14.3 68 21st
101.2 30.8 7.46 .. . 27th
12.4 82 28th
105.0 27.4 7.41 - . T1st

a normal electrolyte equilibrium during aluminum
hydroxide therapy; their series included one patient
with a urea clearance of only 19 per cent of normal.

" Recently, McIntosh and Sullivan (11) noted, in 14

A‘/“*ﬂes, no tendency for this preparation to elevate the

po—

d CO, content or the non-protein nitrogen.

:n view of the lack of detailed information on this

most important subject, the present investigation was
undertaken to determine more accurately and in detail
ithe influence of aluminum hydroxide on the acid base
balance and on renal function. For this purpose,
varying quantities of aluminum hydroxide* were ad-

ministered to 23 patients with peptic uicer.

Studies of the acid-base balance were made at vari-

-able "intervals during the course of therapy, as indi-

cated in the table. These determinations included (a)
serum chloride (Normal—100-110 millimols per liter,
mM/L), (b) serum CO, (normal 22-30 mM/L), (c¢)
serum pH (normal—7.35-7.45). In addition, the blood
urea nitrogen (normal 9-15 mgm. per cent) and the
urea clearance test of renal function were determined
in 14 of the 23 patients. The urea clearance is ex-

~ pressed as per cent of average normal after correction

for individual surface area (lower limit of normal—
75 per cent). '
The results are shown in the table. It will be noted
that the acid-base balance remained within normal
limits in every instance despite the ingestion of
massive amounts of aluminum hydroxide. - Case 22
(H. M.), for example, received 18,984 cc. in 241 days,
an average of more than 78 cc. daily for 8 months.
Case 23 (N. F.) received the largest quantity of
1minum hydroxide hitherto reported, 27,905 cc. in
days, an average of 393 cc. daily, without harmful
effect on the electrolyte balance or on renal function.

%The sluminum hydroxide used was the produet, Amphojel, gcneroax§\y
supplied by the John Wyeth and Brother Cowmpany,. Philadelphia,
Pa.

D i U

The longest period of observation was 261 days (Case
20). . :

The blood urea nitrogen and urea clearance re-
mained normal {rom the onset of treatment through-
out the period of observation in 11 patients. The three
individuals with lowered renal function are of particu-
lar interest.

Case 22 (N. M.) was the first in which aluminum
hydroxide was administered immediately following
recovery from a severe alkalogis. It will be noted that,
although the urea clearance had decreased to 13 per
cent of average normal, it improved steadily over a
period of 241 days of aluminum hydroxide therapy
and, at the present time, is within normal limits.

Case 10 (H. E.) was similarly treated several days
after recovery from a marked alkalosis. During this
time the serum chloride had decreased to 66.3 mM/L,
the serum CO, had risen to 51.8 md/L, and the pH to
7.67; the blood urea nitrogen was 75 mgm. per cent
while the urea clearance had decreased to 7.5 per cent
of average normal, Despite the administration of more
than 100 ce. aluminum hydroxide daily for a month,
the blood chemistry remained normal and the urea
clearance steadily improved. Case 11 (A. K.) is similar
and illustrates again that the use of large quantities
of aluminum hydroxide does not interfere with the
gradual return to normal of a markedly depressed
renal function. The urea clearance in this patient is
now 90 per cent of normal.

SUMMARY

The effect of aluminum hydroxide on the acid base
balance was determined in 23 patients with peptic
ulcer. Three patients received more than 100 cc. daily
for as long as 31 to 116 days; one patient received 393
ce. daily for T1 davs. The period of observation in
several cases exceeded 7 to 8 months. The electrolyte

e iy e
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balance was normal in every instance. The blood urea
nitrogen and urea clearance tests for renal function

- were determined in 14 patients of the group. Renal
»=gfiiciency was not decreased in any patient in whom

" had been normal. The use of aluminum hydroxide

1 three patients with a marked reducticn in kidney

NuMner 5

CONCLUSIONS
1. Aluminum hydroxide, even in massive amounts,
does niot disturb the acid-base balance.
2. Aluminum hydroxide administered in large
amounts over periods as long as seven to eight months
does not impair renal function.

~ function following alkalosis, was followed by the main- 3. Aluminum hydroxide may be administered with
tenance of a normal acid base balance and by a gradual complete safeiy to individuals with a marked re-
improvement in the urea clearance. duction in renal efficiency.
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THE EFFECT OF CALCIUM CARBONATE, ALUMINUM PHOSPHATE,
AND ALUMINUM HYDROXIDE ON MINERAL
EXCRETION IN MAN'
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University of Chicago, Chicago)

(Received for publication July 3, 1942)

INTRODUCTION ‘

In order to elucidate further the mechanism of
the alkalosis observed during the alkali treatment
of peptic ulcer, a detailed study of mineral excre-
tion following the administration of relatively non-
ahsorbable antacids seemed desirable. Hence, an
investigation of the influence of ¢alcium carbonate
on mineral excretion in man was undertaken, and
its action compared with the cffects of aluminum
hydroxide and aluminum phosphate, two mnon-
absorbable compounds.

METIIOD OF STUDY

Studies were carried out in 2 adult men and one female
with peptic ulcer] in all oi whom previous observations
had indicated renal function to be catisfactory. A special

. metabolic  ward and nursing staff were utilized. The

patients were maintained on special ulcer diets (Tables
1 and I1), without change, during the entire experiment.
Chloride-free distilled water was used for drinking pur-
poses. The daily fluid intake averaged approximately

TABLE 1

Composition of die employed in case A. K.
(Daily values)

S ————

[
e ———e

. Standard values
Special . ?

o diet s Tommale
Carbohydrates 198
Protein 72
Fat 104
Calories 2016
Chloride (mgm.) 2074
Sodium (mgm.) 2029
Potassium {mgm.) 3052
Calcium (mgm.) 1159 800
Phosphate (mgm.) 1342 1320
Iron (mgm.) 10.5 12
Vitamin ‘A (1.U.) 9570 5000
Thiamin (mgm.) 1.014 1.2
Riboflavin (mgm.) 2.51 1.8
Ascorbic Acid (mgm.) 78 70
Vitamin D (1.U.) 38

1 This work was supported in part by a grant from John
Wryeth and Bro,, Inc, Philadelphia, Pa.

3000 cc. The daily urinary output varied from 1200 to
3000 cc. There was no significant change in body weight
during the entire experiment. The only medication per-
mitted, aside from the substances studied, was the occa-
sional administration of cascara to facilitate daily bowel
activity,? and the use of mild sedatives for sleep. An
interval of 4 to 6 days was allowed for adjustment to
the diet, prior ta the control observation. Mineral excre-
tion was studied over periods of 4 days duration each.
Ten grains of carmine were given at the onset of cach
period and repeated 96 hours later; the feces obtained
between the carmine markers was collected for analysis.
The 4-day collection was mixed thoroughly; accurately
weighed 2.0 gram samples were taken for the various
determinations. All analyses were done in duplicate or
triplicate. .

The chemical studies of the feces were carried out as
follows:

The calcium content was determined by first boiling
the sample with concentrated nitric acid and potassium
permanganate. After cooling, the mixture was dituted
with distilled water to 160 (or 200) cc. volume and
adjusted to the proper pH (4.6 to 5.2, using Brom Cresol
green as indicator. The procedure then foliowed was
the same employed for blood serum (1). (Calculation:

'E‘_:zt_cg % 10 equals mgm. Ca per 1 gram feces.)

TABLE I

Composition of dict employed in cases .
C.D.and W.G.
(Daily values)

. Standard
Special ex S0 kgm,
diet e
Carbohydrate 266
Protein 58
Fat 163
Calories 2763
Chloride (mgm.) 3047
Sedium (mgm.) 2014
Calcium (mgm.) 1140 800
Phosphate {(mgm.) 1300 1320
Iron (mgm.) 7 12
Vitamin A (I.U.) 6200 5000
Thiamin (mgm.) 1.0 1.5
Riboflavin (mgm.} 1.2to2.4 2.2
Ascorbic acid (mgm.) 5to 30 75
Vitamin D (I.U.) 160 to 385

2 There was no instance of diarrhea.
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For determining the chloride content, 5.0 ce. of a 0.1 N
soiution of silver nitrate were added to 2.0 gram samples
of feces and the mixtures allowed to stand for several
hours. Digestion then was carried out as with the cal-
cium amalysis. The mixtures were cooled, 5 per cent
ferric alum added as indicator, and then titrated with a
0.1 N solution of potassium thiocyanate. (Calculation:
__________5-—-t1te2r><3.a equals mgm. chloride jon in 10 gram
feces.)

The phosphate in the feces was determined in Case
C. D. by wet ashing of the samples with nitric and sul-
phuric acids and, when necessary, superoxal. The mix-

. tures then were cooled, adjusted to known volume with

distilfed water, and the phosphate content measured by
the Fiske-Subbarow method (2) as adapted for the Eve-
lyn photoclectric colorimeter. In Cases A. K. and W. G,
the samples of feces were ashed in a muffle furnace and

*the analyses then carricd out as above.

In Case A. K, the sodium content of the feces was
measured by the following procedure: 20 cc. of ferric
sulphate and 3 cc. of concentrated sulphuric acid were
added to 10 gram samples. The mixtures were dried in
an oven and then ashed in a muffle furnace. The ash
was taken up in 10 cc. of distilied water and 3 cc. aliquots
were analyzed for scdium by the method employed for
blood (3).

The potassium content of the feces in Case A. K. was
determined as follows: 2.0 gram samples of feces were
dried in an oven and then ashed in a mufile furnace. The
ash was taken up in 10 cc. of distilled water and 1.0 cc.
aliquots were analyzed by the procedure used far blood
).

Twenty-four hour collections of urine were obtained
throughout the study. The urine was voided directly into
a bottle containing toluene as a preservative and a layers

of mineral oil to prevent the escape of CQO, (5). The

urine was kept in an icebox and analyzed at the end of
each collection for the following: (a) pH, using the
Beckman pH meter, (b) chloride (6), (¢) calcium, (d)
phosphate, and (¢) 2mino-nitrogen plus ammonium salts
(7).3

The sodium content of the urine in Case A. K. was
measured by the same technique employed for blood, modi-
fied as to the volume used; ferric salt was added in
amounts sufficient to prevent interference by phosphates.
The urinary potassium was determined as follows: 2.0 cc.
samples of urine were ashed in a muffle furnace and the
ash taken up in 10 cc. of distilled water; 2.0 cc. aliquots
then were concentrated and analvzed by the method em-
ployed for blood.

Simultaneous studies were made of the serum electro-
lytes. Venous blood drawn under oil was utilized for the
following analyses: chloride, CO, (8), pH (9), calcium,
and phosphorus. Oxalated blood was used for the ineas-
urement of the blood urea nitrogen (10). The following

% Referred 1o in the text as “ammonia” for the purpose
of simplicity.

KIRSNER

additional data were obtained in Case A. K.: cell volume,
serum water (11), blood sodium, potassium, and total
base (12), and the urca clearance (13).

After control values had been established, the effects
of calcium carbonate, aluminum phosphate, and aluminum
hydroxide were studied in individual periods. A 4 to §
day interval for adjustment to the added medication was
allowed prior to the analyses. Calcium carbonate was
administered in 2.0 gram amounts 10 times daily: 80
grams (400 m.eq.) were thus given in a 4-day period,
containing 32 grams of calcium jon. One hundred and
tive cc. of aluminum phosphate were administered daily
in divided doses; a total of 420 cc. (35 m.eq. HPO,) in
a 4-day period containing, by analysis, 336 mgm. of chlo-
ride, 4368 mzm. of phosphate, and 2625 mgm. of aluminum
(14). One hundred and five cc. of aluminum hydroxide
were given daily in divided doses; a total of 420 cc. in a
4-day period containing 386 mgm. of chloride and 4716
mgm. of aluminum. Complete mineral balances were not
obtained since no attempt was made to measure the loss
in the insensible perspiration or sweat. This loss pre-
sumably was constant, however, through the various pe-
riods in each case, since fairly constant conditions were
maintained. The results are considered exclusively in
relation to the individual control values.

RESULTS
The complete data are recorded in Tables 111
and TV,
DISCUSSION
(1) Calctumn carbonate

The ingestion of 400 m.eq. daily, as calcium
carbonate, was roughly accounted for by increase
in total outgo, almost entirely in the stools, The

JIncrcase in excretion in the urine was, for the pa-

tient A. K., only 7.3 m.eq., and for the other 2
patients, C. D. and W. G., 139 m.eq. and 14.1
m.eq., respectively. As was to be expected with
the large addition to calcium excretion in the stools
(15), there was an increase of HPO, in the feces.
For A. K. and W. G., the outgo in the stools was
about double the {fore-period values. These incre-
ments were, however, somewhat more than offset
by a decrease in the removal of HIPO, in the urine.
The increase in calcium and decrcase in HPO,
excretion in the urine together markedly reduced
the requirement for ammonium production as
noted in Table III. Other compounds of acid-
base excretion, However, are related to the change
in ammonium production.  For the patient A. K.,
a smail increase in Na and decrease in Cl, and a
cousiderable reduction of K, were found. The re-
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TABLE III
Effect of calcium carbonate, cluminum phosphate, and aluminum hydroxide on mineral excretion in man
Urine Feces Total outgo
" Subject Pezlo('fdtz‘fys)tudy !
¢ pll NH, Na K , Ca | HPOs# Cl Na , K Ca |[HPO&* Ci Na K Ca {HPO& Ct
m.rq. per 24 hours m.eq. per 24 kours m.eq. per 24 hours *
Fore-period, 1 .6.16 | 34.3 | 54.5 ] 11.6 ! 3121728 1.3 30.6] 10.5 ] 2.0 | 55.8 422 41.7 | 74.8
Fore-period, 11 6.27 | 35.6 | 59.0 | 63.3 | 12.6 | 303 8231 0.9 66| 41.31109 | 20 |59.9 | 69.9 | 5381 41.4 84.3
A K Average 6.21 | 35.0 | 55.7 1 63.3 | 121 { 30.9 | 77.6 | 1.1 6.6 | 360/ 10.7 | 2.0 | 579 | 69.9 | 48.0 41.6 | 79.6
U1T§7I3\T§ CaCOs, 1 (400 m.eq.) 6.56 { 20.6 | 588 | 49.1 {205 ;1.1 | 710 | 1.7 | 11.9 356.0, 249 | 4.1 | 60.5 | 61.0 |376.5] 37.0 | 75.1
Female CaCoO,, 11 6.75 | 21.0 | 60.3 | 521 | 20.2 | 104 | 81.2 L9 | 121 13940 248 | 3.9 | 71.2 | 64.2 {41421 35.2 85.1
Age 63 CaCOs, 111 6.63 1262|495 | 502 | 175 1 12.7 1 71321 0.7 | 12.0 37801 20.5 { 4.0 | 50.2 | 62.2 |395.5] 33.2 | 77.2
Gastric lcer Average 6.65 | 22.6 { 59.2 | 50.5 | 19.4 II.7~ 748 | 1.4 | 12,0 {3760} 23.8 | 4.0 | 60.6 | 62.5 395.4| 35.1 | 79.1
+ - + - + - - - + + + + + — + - -
Change 044 | 124 | 3.57 12.8 7.3 1 19.2 281 03 5.4 3400 127 | 20 2.7 7.4 13474} 65 0.5
After-period 5.92 | 36.6 | 70.5 | 60.6 861304 852 20 1061 388 97 27 | 725 71.2 | 4741 40.1 | 87.9
Fore-period 5.76 | 67.5 12,0 | 26.7 | 66.6 5431 144 | 25 66,3 | 41.4 | 69.1
CaCOs (400 m.eq.) 6.24 | 37.2 25.9 8.9 | 23.7¢ 48404 17.8 | 2.9 509.91 16.7 | 26.6
+ - + - - + -+ + + - -
c.p Change 0.48 1 304 139 | 17.8 | 429 429.71 34| 04 443,61 24.7 | 42.5
Unit No. Aluminum phosphate, 1 :
255381 (35 m.eq. HPO.) 542 | 838.4 9.5 | 24.5 | 87.1 4631 41.1 | 4.3 55.8) 656 | 91.4
Male Aluminum phosphate, II
Age 37 (35 m.eq. HPO,) 5.43 1 77.2 89 296 | 76.0 5141 427 | 4.6 60.3] 72.3 | 80.6
ge 3
Average 5.42 | 82.8 9.2 1271 | 81.6 4891 419 | 4.5 5811 69.1 | 86.0
Duodenal
ulcer - + - + + = + : - + +
Change 0.34 | 15.3 28 04170 54127151 2.0 8212171 169
Alumirum hydroxide 5.93 | 46.8 12.1 7.3 | 60.5 51913321} 39 64.0( 40.5 | 64.4
-+ - + -~ - - + + - - -
Change 0.17 | 20.7 0.1 | 207 6.1 24188 | 1.4 23| 09| 47

NOILIYOXA TIVIANIN NO SINIADV AIDV-ILNV 40 1JHJA4H

114

€6



os

FANSHUINA ‘4 HJIFsofl

TABRLE 11—Continued .
Urine Feces Total outgo
Subject Pedcg?dc;fy;tudy
pH | NH, Na K Ca |HPOs* Cl Na K Ca | IHIPO&* Cl Na K Ca |HPO# Cl1
m.eq. per 24 hours m.eq. per 24 hours m.cq, per B4 hours
Fore-period 5.16 | 73.0 0.3 ] 245 1 75.0 S431 1751 29 60.6| 42,0 { 77.9
CaCO; (409 m.eq.) 6.06 | 38.9 ' 20,4 8.2 | 57.7 ' ' 52001 30.3 | 5.3 540:4 | 38.5 | 63.0
W. G. -+ - ' + - - + + + -+ - -
Unit No. Change 0.9 341 14.1 | 16.3 § 17.3 465.71 12.8 | 2.4 479.81 3.5 | 149
144032
Aluminum phosphate
Male (35 m.eq.) ) 5.12 | 86.7 55123518058 ) § 40.2] 38.7 | 8.7 45.7| 63.2 | 85.2
Age 51 - + — & + — + + ‘ — + +
Change 0.04 | 13.7 0.8 0.0 5.5 1417 2121 1.8 1491 21.2 7.3
Gastric ulcer
Aluminum hydroxide 5.59 | 43.3 5.5 8.1 1733 ‘ 43.81 250 48 49.31 33.1 | 78.1
‘ + | .- ot I - |+ | + + 1= 1+
Change ) 0.47 | 29.7 0.8 1 164 1.7 105, 7.5 0.9 11.3| 8.9 0.2

* HPOj is here taken as univalent for the reason that at the usua! pH of urine its base equivalence is approximately 1.0.
The values for “change” are derived by comparison with the fore-period values,
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EFFECT OF ANTI-ACID AGENTS ON MINERAL EXCRETION : - 81

TABLE IV
Effect of calcium carbonale, aluminum phosphate, and aluminum hydroxide on various constituents of the blood plasma

. Periods of study - Total Urea Cell Scrum
Subject (4-day) cl CO: | pH P Ca K Na base BuN | ctearance| velume | water
per cent
mgm. , grams
mA L. mAf.fL. m, eq.fL. per cent ?;?r':zﬁ per cend per cent

Fore-period I [101.9} 309 § 7.43 | 1.26

1.9 5.30 {143.0(155.3( 15.4 66 404 | 91.1

A. K. jFore-period IT | 102.2) 31.8 | 7.47 | 1.29
Unit No.

4.7 5.20 | 144.3|153.3| 146 81 37.0 | 90.97

148736 | Calcium 100.7] 31.7 | 7.50 | 1.35
carbonate 1

5.75 | 5.20°}147.9]1160.01 17.0 44 41.0 | 90.42

Female
Age 63 | Calcium
carbonate I1 100.5( 31.9 | 7.44 1.19
Gastric

5.35 | 5.00 | 145.2158.5 17.8 65 41.5 | 90.68

ulcer | Calcium
carbonate 111 | 103.1] 29.7 | 7.47 1.22

5.30 [ 145.0]156.1| 15.5 65 37.5 | 91.14

After-period 100.2] 309 { 7.43 | 1.13 5.30 [ 143.8 13.2 76 37.2 91.06
Fore-period 101.71 296 | 746 | 1.32 | 5.05 9.4
C.D. | Calcium
Unit No. | carbonate 99.6] 29.6 | 7.46 | 097 | 5.15 13.5
255381
Aluminum
Male | phosphate I 103.4| 284 | 748 | 1.0 5.7 12.0
Age 37
Aluminum ’
Duodenal | phosphate 11 | 100.5| 29.8 | 7.46 | 1.22 | 5.5 10.0
ulcer ——
Aluminum
hydroside 102.41 28.5 | 747 1.13 5.25 154
Fore-period 96.71 28.6 | 743 | 142 | 465 14.2
W. G. : ! ——
Unit No. | Calcium
144032 | carbonate 95.6] 29.9 | 7.43 1.35 3. 13.8
Male | Aluminum-
Age 51 | phosphate 1069 282 7.42 | 110 | 4.75 16.3
Gastric | Aluminum
ulcer | hydroxide 101.6] 274 | 7.41 140 | S.05 14.0 ) .

maining components, Mg, SO,, and organic acids
were not measured. The accuracy of ammonium
adjustment is shown by the slight extent of change
in urine pH. For the patient \W. G., a consider-
able, and for C. D., a much larger, reduction of
chloride in the urine was found. Excretion of
this anion in the urine is known to fluctuate widely
even in the presence of a constant intake (16, 17).

The changes in mineral excretion induced by
calcium carbonate occurred within 24 hours after
the addition of the alkali to the regimen. Mineral
excretion returned to original levels almost equally
soon after the discontinuation of calcium carbonate
therapy. _

The use of calcium carbonate did not alter the
electrolyte constitution of the blood plasma (Ta-
tle IV).

(2) Aluminum phosphate

The ingestion of 35 m.eq. HPO, as aluminum
phosphate caused a roughly equivalent increase in
the stools and had no appreciable effect on HPO,
output in the urine. Calcium excretion in the
stools was to a slight extent reduced. There was
no appreciable change in the calcium output in the

urine. Some increase in chloride and, also, am-

monium excretion in the urine was found. A
relationship of these changes to phosphate inges-
tion was not apparent. No alterations were noted
in the electrolyte components of the blood plasma.

(3) Ahuninun hydroxide

Aluminum hydroxide caused a considerable in-

crease in HPO, excretion in the stools, as demon-
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- pected reduction
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strated by the data from the two periods of study.
This finding is in agreement with the results ob-
tained by other workers (18). A roughly equiva-
lenit decrease of the excretion of HPO, in the
urine was found and, along with it, the to be ex-
of ammonium. For patient
C. D, this was exactly equivalent to the decrease
of HPO,. The total outgo of HPO, was not in-
creased. Aluminum hydroxide did not alter the
electrolytes of the blood plasma, thus confirming
previous observations (19).

CONCLUSION

The ingestion of calcium carbonate, aluminum
phosphate, or aluminum hydroxide, in the quanti-
ties used in the treatment of peptic ulcer, places
no appreciable burden on the processes of acid-
base metabolism. The necessary adjustments of
acid-base excretion are relatively small and are
accomplished with a remarkable precision.

The electrolyte constitution of the blood plasma
is not disturbed.

The author gratefally acknowledges the gencrous aid
given by Dr. James L. Gamble in the preparation of the
paper and the valuable technical assistance of Miss Jac-
queline S. Iront. '
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carried down dcep until it grazes the bone apnd
clofe enough together to hold the soft tifsue
and Yeliminate dead spaces, then a dressi
put dn the same as you would use for an
of injsion, and the patient is put to |
from l\e_n on all you do is to extend
ordinaryNeourtesies of invalidism.

I have Yad seven hospital deaths
tion with this work, but none of the
attributable ty the accident or to }/1& aperation.
One died withycancer of the wepus during the
year, one died \with a kidney gtone, one died
with multiple a f‘hritis, two died with pneu-
monia. These pedple can sit

oS
kind
d and
1m the

n connec-
1 have heen

1 in bed i they

2 to he in a hori-

days most of them
can bend the leg to dp angle of 45°.

[ bring this to shdyw Aou in the hope that
you will adopt this méthod because it is so

simple, yet the most efficient that has been pro-

posed.

We use this meth)d of \treaument in all frac-
tures of the shaft/of the
we have now one/ease in th
which had thre¢/ vears and tdn months duration
of non-union.,/ We obtained
weeks. :

What I want to draw your at ention to mote
than anything elese is that it iy
which ygu can relieve old people nd you can
use it with the young if you waunt

I arh submitting an illustration of Nr. R,

emur - anvwhere and
shaft of the femur

4 union in four
\

a method hy

Waldrop’s case which is the best exymple I -

hav¢ seen of the durability and reliabijity of
thi& plan of treatment. I wish to ucknmv\k\*dge
ng" obligation to Dr. Waldrop ior his permis

to use this case.
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REPORT OF A CASLE OF ALUM
POISONING
LOUIS LEVY, M. D.

NEW ORLEANS
White and Wilcox has this to say about
the internal use of alum: “In large doses it
is emetic acting directly on the stomach and
in larger doses, still, it is irritant and purga-
tive. Most, if not all, is passed by the feces.
probably in medicinal doses it has no more
remote effec{ on the tissues. Nervous sys-
tem: Given to animals in large doses it pro-
duces paresis, loss of sensation, forced move-

ments, drowsiness, and death from respira-
tory paralysis.” With this description of
the toxicosis of alum, one can readily sec
that alum is a poisonous drug. Only a few years
ago the use of alum was discontinued in
baking powder on account of its toxic prop-
erties

Since this case had been confused with
gall bladder and gastric conditions, and the
correct  diagnosis cleared the picture, it
should be of more than usual interest.

CARE REPORT

On May 31, 1932, Mr. C. W. J. called at my office
complaining of severe pains after meals, accomp
anied with nausea, which lasted most of the time.
Loss of weizht, *“Felt that if he did not get relie!
he was going to die” History of gastric lavage
and many gall bladder drainages with no results.
Also treated for hysteria.

General examination: Male about 36 years of
age. Height 6 feet 1 inch. Weight 115 pounds.
Emaciated, muscles tapered to strings. Glands.
negative; chest, negative; lungs, negative; Abdo
men, slight regidity in epigastrum; liver. normal,
reflexes, normal. Clinically, with the exception of
pain in epigastrum, this patient was negative,
Urine, negative in ordinary chemical analysis and
microscopical  examination. The conclusion of
roentgen-ray report was spastic colon. {(Drs. For
tier and Gately).

No diagrosis was made and after a few examina.
tions patient was requested to report occasionally
after being placed' on a bland diet, he having re
fused to réturn to a gastroenterolngist,

Some days later his brother came in to see e
saying that a neighbor had told him: “That the
reason Mr. S. could not get well, was that his wifc
was putting alum in his food with the idea of
killing him' and leaving no evidence.”

Without letting the patient know of this inforn;-
ation, I advised the brother to allow him to eat
his usual meal, this meal was prepared by his
wife, and ta bring him to Hotel Dieu for removal
of same by stomach tube. He reported promptly
after his diuner and the meal was removed. Thix
meal was sent to the laboratorics of Dr. Couret
and Hauser with the history of the case. The re
port of the chemist was: “Alum in easily discern.
able quantity.” The urine was also sent, and
showed alum in the form of potash alum.

The patient was advised to change his diet and
abode without the knowledge of the findings. He
did as directed, and with the cooking of a differ
ent source he showed gradual improvement, No
medication wasg given, and under the new alum
free diet he gained twenty pounds in three months.

He is free of any sigus or symptuns, as we know

now, of alum poisoning.

My S o fCieon (19:4)
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EFFECTS OF THE INGESTION OF TARTRATE OR SODIUM
ALUMINUM SULFATE BAKING POWDERS UPON
GROWTH, REPRODUCTION AND KIDNEY .
STRUCTURE IN THE RAT.*

By
J. F. LYMAN axp ERNEST SCOTT.
(Received for publication May 1, 1930.)

The absorption of aluminum by the animal body after the ingestion
of its salts and the eficets on digestion and health of aluminum baking
powders have been studied by many experimenters. The results
which are more or less conflicting, have been collected and summarized
by BE. E. Smith (1). MeCollum, Rask and Becker (2) have reported
that food containing 600 parts per million of aluminum, supplied by
sodium aluminum sulfate-caleium phosphate baking powder or by
aluminum chloride had no effect on growth, reproduction or well being
in white rats to which it had been fed as an exclusive diet. Using a
spectrographic method, they obtained no evidence that aluminum was
absorbed into the blood or tissues after long continued feeding.

Underhill and Peterman (3) have reeently developed a new colori-

metrie method for the quantitative determination of small amounts
of aluminum in tissues and have applied their method to the study of
the occurrence of aluminum in food produets, its absorption from the
digestive tract, its distribution in the body and its elimination. They
find that aluminum is generally distributed in food-stuffs, that small
quantitics of it are absorbed but that it is readily excreted into the bile
ard urire and also through the intestinal wall.  They had no evidence
of toxic effeets when baking powders that contained aluminum were
added to the food. Injected subeutancously, aluminum chloride or
aluminum sulfate were toxie, the lethal dose of the salts varying from
5 to 8 grams per kilo of animal. '

Myers and Mull () administered per os 2 milligrams of aluminum
per day per rat as potassium aluminum sulfate and found no cvidence
of injury as judged by growth and reproduction records, even though
the experiment was continued through the fourth generation. The

* Irom the Department of Agricultural Chemistry and the Department of

Pathology, The Ohio State University, Columbus, Ohio.
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aluminum content of the tissues showed only a very slight increase

after the aluminum feeding.

The doses of aluminum in Myer’s experiments were relatively large,
corresponding to from two to three times thut which the Referee
Board (5) considered a large amount. MeCollum and his associates
fed a food mixture containing a fixed percentage of aluminum so that
in his experiments the daily intake would vary direetly with the total
food intake. The amount administered by McCollum, however,
would be in the neighborhood of two 10 three times as much as Myers
and Mull used.

A series of papers by Schaeffer, Fontes, Breton, Oberling, and
Thivolle (6) deseribe experiments with men, dogs, fowls, rats and mice
which show an unfavorable effect of aluminum-containing baking
powders on growth, reproduction and-health. The doses of baking
powder used by Schacffer and his associates were very mueh greater
than those employed by McCollum, Rask, and Becker. Schacoffor
used as the main article of diet, a bread with the following formula:
flour 230 grams, baking powder 16, salt 2, Jard 28, milk 190. In
certain cases the baking potvder was increased to two or to three times
this quantity. Assuming that the milk eontained 10 per cent solids

~(zkim milk), 16 grams of baking powder would be contained in 205
grams of bread solids, therefore, the aluminum content (huking
powder ‘contained 2.1 per cent aluminum) would be approximately
105 per cent in the lowest dosage used and .21 ahd 30 per cent in the
higher doses.  Assuming a food consumption of 10 grams per rat per
day, the daily dose of :tlujminum would vary from 10.5 milligrams to
30 milligrams, amounts 5 to 15 tines as large as thost used by Myers
and about 2 to 5 times as large ax those used by MeCollui.  The
detrimental effects noted by Schueffer and his associates include,
delayed gastric digestion, delayed growth, gastro-intestinal irritation
as shown by diarrhea and lesions in the gastric and intestinal mucosa
and reproduction abnormalities as shown by a decrcased number of
offspring and histological changes in the ovaries.

The doses used by Schaeffer were so large, however, that 5, 10 or
15 per cent of the total food solids consisted of baking powder residues.

We have fed a colony of white rats for two years on dietaries con-
taining relatively small to large doses of sodium aluminum sulfate—
caleium acid phosphate baking powder (8.A.S. powder) or creamn of
tartar baking powder with results in general agreement with those
obtained by MecCollum, Rask and Becker and by Myers and Mull.
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STUDIES ON RATS FED WITH BAKING POWDERS. 273

Methods.

Young white rats about four wecks of age and weighing 30 to 50
grams, obtained from the Albino Supply, Inc., Philadelphia, were
divided into seven groups of approximately 24 rats in each group.
Some replacements were made as original animals died. In some

cases the rats used for replacement weighed 90 to 120 grams when

placed upon the experimental diet.  The baking powders were pre-
pared for feeding as follows: The baking powder was moistened with
water, 100 grams S.AS. powder with 50 ce. or 100 grams tartrate
powder with 40 cc., and the wet mixture heated in an oven regulated
at 102° for one hour. The reaction mixtures were then air dried and
ground to puss a 40 mesh sieve,  These residues were mixed with the
food as deseribed below, fresh food being mixed at intervals of one to
two weeks. '
The basal ration contained: .

Wheat meal ... ... ... .. 0 L. R SRTA Y
Poultry meat scraps ... o oo 1 part
Dried skimmilk .. ... ... ... ... ... e, 1 part
Lardorbutter. . ... 2 parts
-~ Salt . Q0.1 part

Group. 1 was fed the control diet without addition of baking powder
residue,

Group 2 received the control diet plus 1 gram of S A8, baking
powder residue to 223 grams of food mixture, cnneapondmg to 1
gram of baking powder to 212 grams of food.

Group 3 received the control diet plus one gram of S.A.8. baking
powder residue to 36 grams of food mixture, corresponding to 1 gram
of baking powder to 53.5 grams of food. : )

Group 4 received the control dict plus 1 gram of S.A.S. baking
powder residue to 669 grams of food corresponding to 1 gram of
baking pewder to 636 grams of food.

Group 35 received the control diet plus 1 gram of tartrate baking
powder residue to 116 grams of food, corresponding to 1 gramn of
baking powder to 100 gramns of food.

Group 6 received the control diet plus 1 gram of tartrate baking

powder residue to. 29 grams of food, corresponding to 1 gram of

baking powder {0 25 grams of food,

Group 7 received the control diet plus 1 gram of tartrate baking
powder residue.to 340 grams of food, corresponding to 1 gram of
baking powder to 292 grams of food.

In addition to the above diets, which were fed ad libitum, cod-
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liver-oil was fed separately several times a week at the rate of about
one hal{ grams per week per rat. Fresh cabbage or other green stuff
was {ed occeasionally.

The baking powders used were well-known commercial products
and were purchased from a local market. Calumet brand represented
the S.A.8. phosphate type and Royal the tartrate type.

The diets were so mixed that the amounts of baking.powder ranged
from nothing in the control, to an amount equivalent to that which
would be contained, on the ealorie basis, in biscuits made according
to the recipes on the baking powder containers, with two intermediate
rations, one corresponding to a diet in which baking powder was
used in a small part of the diet only, and one corresponding to a diet
in which foods prepared with baking powders were prominent but not
exclusive. Our largest doses of 8.A.8. baking powder would be about
4 milligrams aluminum per rat per day, i.c. about double the doses
used by Myers and Mull and somewhat smaller than those used by
MecCollum. .

The rats were individually caged in wire cages provided with sercen
bottoms of sufficiently large mesh so that the feces dropped through
out of reach of the rat. Cages were cleaned and animals weighed
weekly,  Care was taken to keep the feed cups and water bottles
sanitary. * The reproduction records of the first generation animals
do not represent the maximum reproductive capacity of the animals
since males and females associated only at intervals and the cages
were not well adapted for breeding.  Third, and succeeding generations
on thg S.AS. ration were kept in larger eages, however, in pairg and
their reproduction rates indieate about the maximum of which the
animals were capable. The amount of S.A.S. residue fed {o the third
and succeeding generations was double the largest amount given the
first generation group, ie. 1 gram of S.A.S. residue to 28 grams of
food, was used for the succeeding generations. Thus the daily intake
of aluminum in the third, fourth, fifth and sixth generation rats would
be in the neighborhood of 8 milligrais per day, the amount of baking
powder residue in this food being nearly 4 per cent,.

At intervals of about two months representative animals were
killed by a blow on the head, blood collected by severing the jugular
vein and samples of tissues taken for histological examination.
Altogether 40 animals were killed for these tests. The blood samples
were analyvzed for non-protein nitrogen as a test for a possible deranged
kidney funection.’

The rates of growth, maximum size, and the number of deaths
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occurring within 5 months after starting the cxperimental diets are

shown in the following table 1.

RATS FED WITH BAKING POWDERS.

275

TABLE 1.
No.
Av. time Av. max. | dying No. animals
to gain AMaximum |wt. of ratsi under Total used to
Diet {rem 60O variations, | livine 3 | months | na. of calculate
to 160 gr., | days months | after Tats rate of
days b or longer | starting gain
! : diet
Males,
Control ... o 0L 47 35 to 56 260 2 13 8
Control 4+ S.AKR,
lto223........ 47 42 to 56 275 2 10 8
Confrol 4- S A8,
Ttod6......... 42 28 to 39 263 1 14 - 11
Control 4 S.ALS.
1io 669 .. ... 46} 28 to 59 263 0 8 7
Control 4 tartrate '
1to 116 .. 47} "33 to 59 261 3 10 6
Lontrol -+ tartrate
1to20. ... . ... 41 »252050 277 5 14 )
Conlrol + tartrate i
Tto340. .. . .. a7 A9 to 70 284 3 8 3
. Femuiles.
Ta gain from
50 1o 130 grms. .
Control ..., .. 40 31tod6 | 193 2 a 4
Control 4+ S.AS.
1to223..... 37 33 to 45° 150 7 14 6
Control + 8.A8.
1tod6......... 39 28 to 59 207 2 17 9
Conirol + S.A8.
1to669........ 37 16 to 66 190 3 13 5
Control 4 tartrate
lTtoll6. ..., .. 40 31 to 52 212 4 14 7
Control -+ tartrate .
1to29......... 52 31 to 63 197 4 14 7
Control + tartrate
Tto340.. . .. ... 54 38 to 84 192 2 10. 5

The rates of growth seem to be accelerated slightly by the 8.A.8.
caleium acid phosphate and slightly retarded by the tartrate residues,
The number of animals used is

although the results are not definite.

too small to permit the use of the statistical method for analysis of
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the data. In one grouponly 3 animals and in 2 others only. 5 animals
were suitable for the measurement of growth rates. This was due
to the fact that in some cases the animals were too large at the start
of the experiment so that growth over the selected interval could not
be measured.

One male on the logest S.A.S. diet, one male on the control diet
and one female on the high tartrate diet were not’ considered in
calculating the average growth rates heeause in all three eases growth
ovér the interval chosen was very slow, 109, 105 and 119 duys being
required to gain from G0 to 160 grams for the males and 50 to 130
granis for the female respectively.  Since these slow growth rates
were so different from those of the other individuals of the groups it is
probuble that they are due to causes not resident in the diets con-
sumed.

Reproduction and rearing of voung: The method of handling the

first generation rats in separate cages with only oceasionual us<ociation .

between the sexes did not result in a large number of offspring. No
young were born on the control diet, seven sceond generation litrers
were horn on the SN -caleinm acid phosphate diets, and there were
cight second generation litters on the tartrate diets. The fuet that no
young were born on the control diet probably has no significance in
teTins of dictary effeets. Since on the 8.AS. ration there wus one litter
to 6.3 females, and on the tartrate ration one litter to 1S females,
while on the eontrol diet there were no litters to 9 females, it ix evident
that the majority of ferales did not reproduce. The seeond generation

ani@uls were Kept in individual eages like those used for the first

generation; but the third and following generations were kept in pairs
in large eages. The reproduction record for two pairs of rats, repre-
senting the third generation and fed from weaning and thereafter
S A8 -caleium acid phosphate baking powder residue at the rate of
1 gram of residue to 28 grams of food is given in table 2 below.

These records are considered remarkably good.  From March 2,
1929, to Ogtober 23, 1929, pair no. 1 produced 79 voung of which 52
were suceessfully weaned.  Puair no. 2 from March 5, 1929, to October
25, 1929, produced 53 voung of which 42 were successfully weaned.
The rates of growth of the third and succeeding generation rats on the
S.A.S.-caleium acid phosphate diet have been fully equal to the
growth of the first generation animals. A female rat representing the
fourth generation, born Mareh 3, 1929, weighed 195 grams on June
10, 1929, On May 30, 1929, at an age of 86 days, she gave birth to a
litter of 10, weighing 45 grams.  Three of these were raised and had
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an average weight of 28 grams at an age of 26 days. Another female

representing the 5th generation on the S.A.S.-calcium phosphate

ration, born on August 28, 1929, weighed on November 5, 1929,

175 grams.  On November 2, at the age of 66 days she gave birth to a
’ TABLE 2.

Feeproduction on S.A8.-Culetum aecid phosphu‘ln diet.

. i . . Wenn- Av. _Tctal B
]x‘:rl.r Date: Birth of young . )zl;)np' \:t :f)rl::fx‘:; t:tl«g, 1.‘1‘:1:; \:I:Ex(l:u::' \u:\;x(r’\‘vd
1 M granis grams
1 March 2, 1929 ... .. .. 1t 5 P21 |29 262 9
PApril o, 1020 ... 12 38 i 20 |88 188 5
I May 20,1929 . L 13 1.5 20 | 28 1171 6
July 5,1920 . ........] 9 5.1 21 30.0 | o4 8
August 2, 1929 ... .0 11 5.2 20 5.0 Poon2 11
September 4, 1920 7 5.3 21 | 393 | 275 7
October 1,1920.......0 @ 5.6 21 39.5 | 2T 6
October 23, 1920 ... .. 7 5.3 Al !
died
2 1 March 5, 1020, L. 12 5.6 21§ 300 ¢ 130 5
April 27,1020 L. 1t 58 2 | 350 | 28 8
June 10, 1920 .. o000 13 3.3 31 26.0 310 13
July 22, 129 .00 4 Gt o200 s 2L 7
CAugust 16, 10297 54 20 o33 s o6
September 17,1929 1 6 GO L2 4 s 6

litter of 10 weighing 538 grams.  Nine of these were raised. At 20
Jdavs of age their average weight was 26 grams. Control rats were not
carried bevond the first generation beeause of failure to breed.  Other
rats in our laboratory, not used in this experiment, but fed a ration
similar to that here employed but without haking powder residues have
not excelled the reproduetive records just cited.  We conclude from
our experience that the ingestion of S.AS. caleium acid phosphate
residue in the amounts used in these experiments does not impuir the
reproductive function.  The use of tartrate powders likewise probably
had no effect on reproduction in our experiments.  Unfortunately we
lost by infectious disease all our second generation lartrate animnals at
8 time when the first generation were too old to reproduce.

Our intention was to determine the maximum length of life of the
ratz on the severul diets. The prevalence -of lung infections was so
great, however, that longevity on all the diets could not be determined
with any satisfaction. During the latter part of December 1928, an
epidemic of undetermined origin carried off 33 animals which were
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nearly all of those remaining at that time. The only ones that survived
— were three on the high S.A.S. diet, one on the intermediate tartrate
diet, and {wo seccond generation S.A.8. animals. The four first
generation animals that survived this epidemic were kept until they
reached an age of 21 months when they were killed for post mortem

examination. The average length of life on the various rations was:
control 10 months for the.males and 7 months for the females; for
the S.A.S. acid phosphate diets 10 months for the males and 8.7 for

the females; and for the tartrate diets 6.7 months for the males and 10
months for the females. There is no evidence, therefore, that the
‘ ingestion of the buking powders shortoned {he life span of rats fed
-— thereon.  The average length of life on the highest S.A.S. dict was 9
months for the males and 11 months for the females and for the highest
tartrate dict 9 months for the males and 10 months for the females.
wficet of the ingestion of baking pouder residues on the non-protein

. nitrogen of rats’ blond. If the ingestion of baking powders is injurious
to the tissues of the body the Kidney function might he deranged with
a consequent rise in the non-protein nitrogen of the blood, To de-
s termine non-protein nitrogen the blood samples were collected by
“ st Aing the rats by a sharp blow on the head and immediately severing
the blood vessels of the neek, Non-protein nitrogen was determined
— §ov the Folin-Wu method. '
Nor prolein nitrogen in rats’ blood. Jh:(lz‘grmus per 100 ec.
o ) Dict Sept. 6, .\'r-\". 4, Mar. 4, June 4, I Aver-
* 2y 1027 1923 Tals age
) Control............... o B e 36 10
Control 4 1 g, S.AS.
- to 223 ¢ food . .. . ; 41 10 10 48 38 42
Control + 1 g NAN. |
to 56 g. food . . . . .. 23 33 40 43 32 34
Control 4+ 1 g S.AS. ’
- to 669 g. food . . . . . 30 41 29 48 36 37
Control + 1 g. tartrate
to 116 g. food . . . .. 44 49 29 39 43 41
Control 4 1 g. tartrate
- to 20 g. food. .. . .. 19 35 30 50 38 34
Control + 1 g. tartrate
to 340 g. food . . . .. 38 41 38 40 41 40
- The results show that the non-protein nitrogen of the blood of rats
that are ingesting small to large amounts of haking powder residues
docs not differ appreciably from that of control rats. The non-
AA’ )
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protein nitrogen of the blood, therefore, does not give any indication
that kidney function is impaired in animals that are ingesting small or
relatively large amounts of baking powder residue.

In conjunction with the determination of the rate of growth,
longevity, and reproduction, it was decided that valuable information
might be obtained by observing any puthologipal changes occurring in
the kidneys of the animals used in the experiment. Tt was therefore
decided that one animal from each of the feeding groups should be
killed at stated infervals, during the course of the investigation, and
that macroscopic as well us a microscopic examination he made of the
Kidneys of cach rat killed. "This had becen done, the first series of rats
being killed 45 days following the beginning of the special feedings,
while those killed at the close of the experiment had been on their
diets for a period of twenty-one months,

ach rat was killed by a blow on the head; the jugular vein was
then severed and bloud colleeted for {he chemieal test. Immediately
after this, a postinortem woas done and all viscera cavefully examined
macroscopically.  Portions of each orgin were placed nt once in a
fixing solution of 5 per cent formalin in Zenker's solution.  In this
way the tissues were in the fixing solution in a perfectly fresh con-
dition, in many instances before the heart beats had entirely eeused.
Aftér fixation, parts of the fixed tissues were selected and embedded
in paraffin in the usual way, alter which microscopic seetions were
cut and stained by the hematoxylin-cosin method.  Slides were pre-
pared in this manner from the following organs of each rat; kidney,
adrenal gland, liver, spleen, stomach, intestine (duodenum), testis,
lung, heart and in the later part of the weries the ovary.

The animals and the tissues were submitted to the pathologist by
nunf “hnly, so that during the entire ex:unination he had no knowl-
edge "'30 kind or amount of food the animals under observation had
receiy % During the course of the experiment a number of animals
were | & a pulmonary infection characterized by multiple abscesses
of the%difg, to which Donaldson (7) states the albino rat is subject.
These deaths were about equally distributed among the various groups
of animals, the food 'beavring no relationship to the deaths. An attempt
was made to identify the ecausative organism but no satisfactory
results were obtained. None of the rats found dead in their cages and
none that were found to be infected at the time of autopsy were
included in the series here reported. )

Upon examining the kidneys their gross appearance as to size,
color, texture, relationship of ecapsule and the amount of cortical
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substance were -considered. No changes were found in the kidneys
of the animals examined whereby the organs in one group could be
distinguished froni those of the remaining groups. In the micro-
scopical cxamination pathological changes were looked for in the
tubular epithelium, both nuclear and evtoplasiie, the glomeruli, the
glomerular capsules, the blood vessels and in the stroma, or intferstitial
framework of the organ.  Here again the kidneys from the animals of
the various groups were closely similar, and, while there were slight
structural ditferences to be seen in individual scetions-examined, when
grouped aceording to the various methods of feeding, there was ne
single group that could be selected hecause of auy marked or constant
variations in cither tubular epithelium, glomeruli or stroma.  The
histologieal variations were so slight that the kidneys of those aninls
receiving the highest amounts of the baking powder residue could, in
no instance, be distinguished from those of the control group or fromn
those of other normal animals. )
This agrees entirely with the results of Rose and Citherwood (8).
In no ease did we note the pathological changes deseribed by Seibert
and Wells (9 :(ﬁm\-m'ring in the Kidney of the rabbit following the
administration of the <alts of aluminun.- It was believed that the rats
receiving ghe lurger doses of tartrate. baking powder residue might
“exhibit Ranges in the tubular epithelinm of (he kidney and when
these expeeted pathologicnl lesions failed to appear it wasx thought
that perbaps the albino rat was resistant to the action of tartrates,
This tho 1ght was strengthened when, after a rather eareful exaination
of the literature, no inxtances were found in which the white rat had
been used as the experimental aniwal in the study of tartrate nephritis.
Therefore, it was decided to test this point and a seties of rats were
subjected to varying doses (0.1-0.4 gm. per 100 gms. body weight) of
sodium potassium tartrate administered subcutaneously by hypo-
dermice injection.  This proved that the failure to find pathologieal
changes in the kidneys was not duc to the insusceptibility of our
experimental animals, for within 48 hours the kidneys of the animals
receiving the larger doses showed a very pronounced degeneration of
the tubular epithelium throughout the cortical portion, resembling in
all regards the nephrosis deseribed as ocecwrring in other animals

following the administration of tartrates (Underhill, Wells, and Gold-

schinidt, 10), (Karshner and Dennis, 11).

At the close of the experiment there were four of the original rats
remaining.  Three of these were from the group receiving the highest
ration of the 8.A.8. baking powder residue and the fourth was from the
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intermediate group of tartrate fed animals. A fifth animal examined
al the expiration of the experiment was one of the second generation
receiving the highest S.AS. ration. The microscopic examination of
the kidney sections prepared from these animals, some of which had
been on a continuous dict containing approximately 2 per cent of
S.A.S. ealeium acid phosphate baking powder residuce for a period of
21 months revealed no pathologieal change Ly which they could be
distinguished from the scetions taken from the animals in the earlier
period of the experiment or from the control animals.

Suminary.

L The ingestion of sodium aluminum sulfate-caleium aeid phos-
phate buking powder residue by white rats in varying anmounts up to
a dosage represented by approximately 2 per eent of the diet had no
appreciable eficet on the rate of prowth, maximum adult size, longevity,
reproduction and non-protein nitrogen of the blood. We conclude,
thercfure, that it was without injurious effeet.,

2. The ingestion of tartrate buaking powder residue by white rats in
varying wmounts up to about 4 per cent of the diet had no marked
effect on rate of growth, maximum size, longevity, reproduction and
non-protein nitrogen of the blood. We conclude, therefore, that it
was without marked injurious effeet.

3. Six generations have heen raised on rations containing approxi-
mately 2 per cent 3.A.3. baking powder residue for the first and second
wenerations and 4 per cent for the succceding generations.  The rate
oi reproduction, the number of young suceessfully weaned and the
vate 4o erowth of the voung show that the S.A.S.-eontaining ration is
fully~ "\:11, as concerns reproduction in the white rat, to similar

\i'.ﬁffm: ataining none of this baking powder.

4.7 - Ymortem examinations were held upon all of the animals of
the 0\‘ .\}wnt. There were 46 animals killed for the purpose of
autopsi™” The shortest period of feeding for animals so killed was
16 days, the longest period 21 months.

5. The microscopic examination of the Kidneys of the animals, fed
after the manner deseribed in this paper, failed to reveal any patho-
logical changes by which the kidneys of the various groups could be
differentiated. Neither the length of time during which the feed was
consumed nor the proportions of {he ingredients of the food itself
brought about sufficient change to warrant a pathological diagnosis of
any sort, ' '

6. The kidneys of albino rats, fed for a period of 21 months upon a
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feed containing approximately 2 per cent of S.AS. baking powder,
presented no gross or microscopic lesions whereby they could be
distinguished from the kidneys of rats receiving the basic ration con-
taining no baking powder residue,
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1II. EFFECT OF ALUMINIUM. ON GROWTH AND
REPRODUCTION IN THE RAT.

THE use of rats for testing the biological importance or significance of foodstufls
and accessory factors is of comparatively recent introduction. This paper deals
witlthe effect of aluminium in the rat when various essential constituents of
the diet are varied, as well as with its effect when added to normal diets.
Other workers who have tested the effect of aluminium on rats include
Myers and Mull [1928), McCollum, Rask and Becker {1928], Rose and Cather-
wood [1929-30]and Massateh [1920]. In allthese experiments, aluminium added

to the ration in amounts up to 0-1 % produced no eflect when the diet was '

otherwise adequate. Lyman and Scott [1930] reported that no change in
blood constituents (non-protein nitrogen, cfc.) occurred on such diets. Kraft
[1930] stated that the digestibility of food was not impaired by addition
of aluminium. Post mortem examinations performed by most of these workers
indicated no pathological efiects, and very slight or negative absorption of
aluminium,

Slight positive evidence was adduced by Daniels and Hutton [1925], who
reported that rats fed on milk did not reproduce for more than two generations,
but that additions of soya bean ash or the equivalent inorganic salts (alu-
minjum, manganese, silicon and fluorine) caused satisfactory reproduction
for six generations. The effect of the separate elements was not tested; but
Orent and McCollum [1931] have stated that manganese is essential in
reproduction. '

) Toxic effects due to aluminium have been reported by Schafler e al.
[1929] working with mice, particularly as to impairment of reproduction,
histological examination of the ovary showing that this was markedly affected.
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The adey )uf the diot and excessive extent of the aluminium dosage hag
Leen questioned by MeCollumy of ol [1929: see also reply by Schafler et al.,
po2ai, Bertrand and Serbeseu [1931] lave reporfed that the toxicity of
alaminium salts injeeted parenterally i= Joss than that of nickel or copper in
the case of rats and rabhits, . :

EXPERIMENTAL.

It was orivinally intended to test the effect of raising several generations
of tats on a diet entirely devaid of alnminium, as well as to test the effeet of
adding various levels of aluminium salts to the diet. Unless the former pro-
cedure s carried out, effeets due to traces of aluminium eannot be excluded,
A svnthetie ration was emploved, each component of which could be puritied
and tested separately, but certain of these —the vitamin-containing materials
and particularly veast--offered yreat difliculty, 1t is almost impossible to
eliminate the inorganic constituents from. veast or marmite, vet to prepare

vitamin B concentrates, especially at the time whan these experiments hegan,

was considered to b bevond the scope of this work. Henee the problem
Lecame one of limits-—a variety of <uitable constituents being tested for
aluminium. and those containing the minmum quantity seleeted for use.

Samples of these materials wore aghed and examined speetrographically, and
Table T gives the maximum and minimam amounts found in each constituent
used over a period of 13 moenths.

Table I. Mazximum and minimine dmoanls of alwminiiom

Jouwnd in Soodstiiffs.

Food
Material starch  Caseinosen  Yeast - Butier nixture
Alumininom in parts) Maximum 0-3 02 37 1-5 05
per million Minimum 01 - 1.2 - -
Lowest limit observable® n-1 0-05 06 0-1 04

* About 1 part of aluminium in 20,000 parts of inorzanic ash can be detected, so thit the
ash content of cach substance is the limiting factor in the spectrogruphic determination of
aluminium. The method can be made roughly quantitative {sce McCollum #f al., LO28].

As the food mixture contained only small portions of yeast (see Table IT
of Tations for details) the limits of aluminium content could be much higher
than with the other constituents without unduly raising the total aluminium.
Samples of the control ration, therefore, never contained more than 1 part
of aluminium in 2 millions. Effects of amounts smaller than this, if such exist,
are excluded from consideration here.

The upper limit of aluminium for experiments where this formed a part
of the dict was fixed at about 0-08 %,. This amount may be administered in
the food in the form of phosphate (baking powder residues) or sulphate
(alums) without producing cathartic eflects, and is analogous to the amount
ingested by the human being when living upon a mixed diet [Smith, 1928].

Erp. 1. Thirty rats weighing 50-100 g. were used, 20 veceiving the syn-
thetic dict only, the other 10 with the addition of 0-1 %, aluminium as soda

o1 ! b

.

)

! I } ! }
alum. (The rations are set ont in Table 11.) They were allowed a
ag they could consume, together with water. The animals were o .
in separate glass cages (large battery jars), with wire mesh mats coveiing 1\.“-
bottom, under which was placed a pad of several Tayers of filter-paper, the
mouth being fitted with a glass plate with gaps for ventilation. Subsequently,
the rats were placed in groups of three in the same cages, as they were un-
favourably affected by 1solation. In later experiments, the use of alaxs ciaes
was ;Ii\'m; up. sinee, although thev afforded an environment frt-.u h‘nn'\ :.xln-
pyinin, this precaution was unnecessary owing to the presence of aliminimm

i1 footl
aced

in the food, and goneral working, alass cages were found to be frawile n
use, and extravagant in space and labour. They were only ll:s'(‘(l for speaial
purposes subsequently (e.y. metabolic expernnents, as deseribed elsewhere

[Mackenazic, 19517).
Table 11, Dicts.

(AL components expressed as percentages.)

' Alumininm*
’ Com-
Lard Salt  pound
(asein-  Cellu- radio- mixture baking
Diet  Yeast ogen fose Butter  stol  Stareh 185 powder Meta
{#y Complete:
A 5 14 2 28 — 43 4 — —_
B 5 18 2 — . 11 — 2 0oud
C ') 14 2 — — 396 — 34 0-1083
() Vitamin A deficient (7) or absent:
; 22:3 25 10 — 54 5 — —
g 3 22 .l.:) 10 — 31 5 3-0 =004
¥ 6 2.5 — 10 3t b — —
G 0 25 — 10 al 5 30 (050
H 6 25 10 — 472 3 68 0173
(c) Vitamin B deficient (?) or absent:
\i 2 2:5 20 — 33 — — —
\\4 2 2:5 20 — 52 — 3-0 00382
X -5 20 — 55 — — —
i\’ ‘(\i 3:)5 20 — 52 — 30 0-182
7 2-5 — 20 53 — — —
é 1‘ 8 2:)’) — 20 52 — 3-0 0087

* Actual aluminium content of the food as determined by analysis of samples: not m.‘cessarily
correspouding to the amount of baking powder residue, which had varying composition and
moisture content.

+ As soda alum.

The growth curves for rats of Exp. 1 are shown graphically Fig. 1.
The method adopted is to show the average growth for the groups of one sex
{ogether with the individual highest and lowest growth ourve. It is con-
sidered that this gives the fairest computation of the results obtained. .Only
the growth curves of females are shown in this case, the males showing a
general correspondence but about 20 %, greater mdwldua! weight. .

When maximum weight had been reached, and breeding tests were satis-
factory, as shown by the production of viable young hy each female (see
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Table )1(101‘ appropriate experiment) a proportion of the animals weye
killed-. Ao organs analvsed for aluminium, using the colorimetric methods

of Myers and Morrison {1928]. Owing to the §mall wmount of material ¢l).
tained from individual rats, it was necessary to carry ont these analvses

groups of five or more animals, The results gre shown in Table 1V,

on

e CONTROL ALUMINIUM
il il
200+ ¢
180 BRI

140
100

| i l
6OO 7 14 21
Weeks Weeks

Fig. 1. Exp. 1. Upper eurve—heaviest female: lower curves Hichtest female;
middle curve-—averaze for all females iy rronp,

Table II1. Fertility of animals used ¢y, eLperiments,

Note, The animals were placed in groups of three, one male and two females as far as possible,
If no progeny resulied, the male was copsidered sterite and a male from another group
emploved, If only one female produced vounw, the other was tested with another male
before being pronounced sterile. The production of viable Youns was thus the eriterion.
Excess malcs were tested when circumstances allowed.

Control group AMaminium group
L‘ -

— — . RN
Total Not Total . Not
Exp. | Sex number Fertile Sterile tested® number  Fertile  Sterile  tested*

1 3 4 4 0 — 3 3 0 —

< 16 12 0 4 7 3 0 2
2 3 7 6 1 - 8 b} 2 1

¢ 8 6 1] 2 7 7 0 -—
1a(fist g 7 5 0 2 S 5 1] 3
generation) e 13 10 1 2 10 9 1 —
1 A (second 38 6 4 0 2 8 5 n 3
generation  Q 9 9 0 — 17 10 0 7
1 A (third 3 7 6 0 1 11 6 1} 5
generation) o 12 8 0 4 i ] 0 —

* Including premature deaths.

Ezxp. 2. This was a repetition of Exp. 1, but the rats were placed in groups
of three in glass cages, and the aluminium was supplied in the form of a
decomposed baking powder, containing about 3 % of aluminium. To de-
compose it, this was heated on a water-bath with half its weight of water,
and dried at 100°. The product was added to the ration at a level of 3-3-5 Y
replacing an equal weight of starch, but as 50 9, of the baking powder itscl
consists of starch, the variation in this item in the diet was insignificant (sec
fation C in Table II), The experiment lasted 10 months, ard the growth

o

hy

§ ey

F
)

R 4

] } BLI }u\ll: } v | ‘.u
v L 1
in the respective A
urves, breeding results and analyses appear in the resy )~
C -9y A )
¥i * MINIUM
Figures. . CONTROL L, ALY
: 20r
Q?Or 2
180 180
140 1404+
100 100
5 { | J
i L 60 .
60 0 1‘0 20 30 o] 10 20 30
Weeks Weceks
seks

tower curve—Ilightest female;

.

Upper curve—heaviest females

RTUUENCN & 2, g1 .
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rats had shown unusual growth and vigour throughout, and apart from the
exceptions, the 2 groups showed no significant difference [see growth enrves
of Fig. 8. Exp. 3l

DIsCUsstoN.

It is probable that the environment was responsible for the fact that the
growth curves in Iixps. 1 and 2 were not up to normal, but they showed little
difference as between groups on control and aluminised diets. The fertilitv of
rats in these experiments and in the subsequent generations raised from rats
of Bxp. 1 also show no differential effect. Exp. 38, in which hixh levels of

aluminium were fed and some stunting of growth resulted, has some resem-

blance to the effects obtained by Schaffer ef «l. [1928]. In this case it was
potable that the difference in the amount of food consumed would account
for the poor growth, the rats taking very little more of 1t than would =uflice
for maintenance. To obtain clear-cut results it would be desirable (a) to fred
a vontrol group with the control diet at the same level as that at which the
experimental rats would consume their ration, and compare the growth curves;
(h) to fecd a form of aluminium which is tasteless and non-cathartie, pure
aluminium phosphate would probably be suitable, so that the diet would be
more {reely consumed.

Under present circumstances, the question as to whether the stunting
effect is due to a speeific action of aluminium, or a general lack of balance in
the diet, must be considered an open one. Exp. 3D, in whieh an apparent
lengthening of life resulted from the aluminium addition, may be considered
to be due to a specifie action of aluminium, but the other components of the
baking powder—stareh and albumin—must not be overlooked as a possible
cource of vitamin B. On the whole, the avitaminosis experinients give no
reason to suppose that aluminium has any action one way or the other.

The analytical results suggest that some absorption of aluminium by the
liver oceurs on aluminised diets. The amounts do not seem to increase cumu-
latively with the period of feeding, and are quite comparable with the amount
found in control animals [see also Tourtellotte and Rask, 1031].

CoONCLUSIONS.

(1) Aluminium additions to the diet have no perceptible influence
(i) when the dict is adequate for growth and repreduction in the rat;
(i) when the diet is insufficient for growth or maintenance:
(iii) when fed to several successive generations of rats. _
(2) Aluminium absorption from such dicts appears to be exceedingly small.

Biochem. 1932 xxvi 54
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842 K. MACKENZIE

IV. THE OCCURRENCE OF ALUMINIUM-
IN THE THYROID.

It has been reported by Underhill of ol {1929] that aluminium tends to
accumulate in the thyroids of dogs when the animals are on an aluminium diet,
amounts up to 007 mg. having been found in o single thyroid. Recently
Tourtellotte and Rask [1931] have questioned these results. Sinee 1R2Y, as
oveasions have offéred. samples of thyroid have been secured from normal,
aluminium-fed and iodine-fed animals in this Institute, in an endeavour to
determine whether aluminiunt is present in the thyroid, and if it can he
connected i any way with iedine metabolism. Toding and aluminium have
been determined in each sample (except in two cases where the total amount
of tissue would not suttice for aluminium assay. in whieh ease fodine alone
was determined). The aluminium content was determined by the colorimetrie
method using aurintricarboxylic acid [Myers and Morrison, 192511 the iodine
by the method of Leiteh and Henderson [1926]. T desire to thank Mixs Stuart
of this Iustitute for the jodine determinations referved to helow,

(@) Todinc and aluminiund in the thyrotds of pigs employed for
alwminiwm experiments [see Mackenzie, 1931].

Aluminium
in thyroid

todine in
thyroid

Weicht of
thyroid

Pig No. Diet . LR TVIEN me, Tt g,
2474 Al less than 2 parts per million 4-81 0155 004
2477 4-11 0-165 0-0%
2450 246 (part)  (-18Y [§84)
2475 Above diet plus 0-17, aluminium 48 0-143 2.6
2479 ) .43 0-202 —t
2488 830 0-241 0-02

* Final product showed iodine coloration—result doubtful.
t Results below 0-02 are not reliable, and are left blunk. .

(b) Iodine and aluminium in the thyroids of pigs employed for
todine experiments.

Groups of 5 pigs received (I) control ration adequate for normal growth,
(IT) same diet 4 potassium iodide, (I1T) same diet with ultra-violet irradiation,
(IV) same diet, with potassium iodide and ultra-violet irradiation.

Total weight Todine in Alaminium in

Group of 5 pigs thyroids thyroids thyroid
receiving g. /100 g, mg./100 g.
Normal diet 18-2 0118 002
" + K1 20-4 0-2148 —
. +UV.IL 22-7 0-202 » 008
” +KI+U.V.I 341 0-097 0-U3

Note. The thyroid materinl had been dissolved in dilute aleoholic potassium hydroxide for jodine
determination, and glored in glass bottles. It was anticipsted that aluminium might be
present owing to the action of the potash on glass, which usually contains aluminium, But
the results show that the aluminium content, from whatever source derived, is extremely

LoMalt .
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BIOCHEMISTRY OF ALUMINIUM HE R
(¢) Other samples of thyroid [rom pigs.
Weiaht of thyroid Mumininm
Pig i, me. 100 o,
Normal, 6 months old L, 3K 012
Depancreatised 2 months previously . 07

-t
S =

Depanereatised T day previously [IHIN

() Todine in thyroids of rats receiving ahoninised diets.,

The thyroid in the rat is too small to he analysed for aluminium by any,
of the metliods now in use. It was considered advisable to find the iodine
content of some thyroids in the case of rats used for aluminium experiments,
as deseribed above, to see if anv correlation might exist. The thyroids of rats
in Exps. L and 2 were analysed by Miss Stuart, and the results follow:

Todine content
of thyroid

Average weight

No. of rats of thyroid

Fixp. No. examined a. o T g,
1 (control aluminised) 10 0-017 0042
3 . 0-013 0-061
2 (control aiuminised) 6 0-016 0027
7 0-u19 0026

These results indicate that
(i) aluminium occurs at only a very low level in the thyroid;
(i) there is no correlation between aluminium and iodine in normal
metabolism.

V. INTESTINAL ABSORPTION OF ALUMINIUM
IN THE RABBIT. '

The presence of small quantities of aluminium in the normal diet of men
and animals [Smith, 1928], and the presence of aluminium in verv minute
quantities in the tissues [Myers and Mull, 1928], are both well established facts
which have not been satisfactorily correlated. It is established that certain
aluminium compounds, when present in the food, are converted into a soluble
form by the action of the gastric juice [Myers and Killian, 1928] and it seems
reasonable to suppose that in the upper part, at least, of the small intestine,
absorption of the aluminium ions may be expected to occur as is the case
with caleium, sodium and potassium, though in the lower parts of the intestine
aluminium appears to be precipitated [Massatch, 1930]. The absorbed alu-
minium mizht be conveyed by the portal blood to the various orgaus. notably
to the liver, and it has been observed that the aluminium coutent of the liver
is greater in aluminium-fed animals than in controls. Though the amounts
ave in all cases very small [Underhill et al., 1920] the increase is definite. and
can hardly be explained on any other ground. But the presence of deteetable
amounts of aluminium in the blood after ingestion of aluminium compounds
has rarelv been observed, the findings of all workers being nevative except
those of Underhill et al. [1929]. These workers, using an exceptionally sensitive
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absent from the blood of normal animals, and even when present the initial
amount was not alwavs inereased by aluminium ingestion, while in some cases
a fall was observed.

Mvers and Morrison [1928] injected a known amount of an aluminiam
compound, usually the sulphate or chloride, into a washed intestinal loop in
dogs. and found it possible to recover the aluminium, within the limits of experi-
mental error, after a period of 1to 4 hours. They pointed out. however, that the
aluminium was recovered as a precipitate on the mucosa. and 1t seems certain
that the normal reaction of the intestine would convert most alumininm salts
to the hvdroxide, which is colloidal and probably non-abserbable.

In the present experiments, a known amount of alumininm in the formof

a solution of aluminium tartrate was injected intosthe Hoatured intestine of g

rabbit (which had received an aluminium-free diet for one week previous, and
had fasted for 24 hours before the experiment) by the method due to Magee and
Macleod [1928]. The rabbit, anaesthetised with urethane and ethier, was opened
up to expose the viscera, and the intestine tied ofl at the oesophagus. the dleal
extremity being cut and sutured to a discharge tube. A small cannula was
inserted below the ligature, and 10 ce. of aluminium tartrate sofution (1 me, Al
per cc.) at approximately py; & were injeeted. After an interval varving from
15 to 30 minutes, about 20 cc. of blood were drawn from the portal vein by
hypodermic sytinge; a second sample was drawn after a further period of 10 to
15 minutes. The animal was then bled to death through a cannula in the
carotid artery, and subsequently the liver and entire small intestine were
dissccted out. These samples of blood and tissue were ashed in silica basins
and the aluminium content was determined by the colorimetric method.. In

Table IV. Aluminium found in the blood of rabbits after injection of

aluminium tartrate into intestine.

. Contr
A

—
7 8
1103 00

(5]
<

injected 1105 10-8 104 1105 10-3

into intestine (ing.)
Aluminium found
(g /100 g.):

{a) in portal blood

Ist sample
2nd sampls
() in systermic Plood

0-017 (20) 000
0-019 (33) o2
0000 (40)

0047 (30) 0000 (15) 0016 (15)
0-000 {45) 0021 (45) *
0-000 (50) —t —

0-000 (15)
0000 (25)
5601

0-000 (25)
0000 (33)
0000 (40)

0-000 (25)
0-N00 (-10)

0-083 (43)  0-0M

(e) m the liver 056 0-86 - 0-42 079 0:55 115 JOt
Aluminium found in 148 f8.82 9-04 11-3 96 73 9-G 0-u7
inwestine (mg.) '

Fercentage recovered  13:5 81.7 869

102-2 877 751 877 -

fromn inteatine

tuken.

Average percentage recovered in six experiments ... 8G-8

The figures in brackets following the blood figures are the times (mins,) from the initial injccti’on at which the bloud sami®

* This wunimnad died 25 minutes from commencement.

* Tiis anital died 45 minutes from commencement.

+ibis animul died 30 minutes from commencement. The systemic blood sample was obtained from the body cavity,
puseibly ¢ontaminated by the linuid injected into the intestine—the actual amount of aluminjum present in 107 g. of b
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BIOCHEMISTRY OF ALUMINIUM 815
addition to 7 animals thus used, 2 others were used as controls, 10 e of plain
saline being injected into the intestine, the other operations being as before.
The results are shown in Table TV,

Discussiox.
The average recovery in 6 experiments varied from 751 % to 102:2 %
with 2 mean value of 86-8 94 The first experiment showed an extremely low
yecovery of aluminium from the intestine, possibly due to leakage at the site
of injection. 1t stands alone and has been jgnored in computing the average.
In the 2 control animals, the almminium level in the intestine was about

5o/ of that found in the experimental animals, showing that 7 days on an
Auminium-free diot was not sufficient to remove all traces of aluminium from
the intestine. Hence it appears probable that the average recovery of
aluminium injected is only about 82 %.

1f the aluminium content of the portal hlood is compared with the amount
present in the intestine, it does not seem probable that aluminium is readily
absorbed by the intestine. The amount circulating in the blood at any time
is extremely small, but it is undeniable that aluminium may be, and {re-
quently is, conveyed in the biood-stream. :

SUMMARY.

Injection of aluminium salts into the intestine of rabbits does not cause
.anv appreciable absorption of aluminium into the blood-stream. The alu-
minium injected can be largely recovered by analysis of the intestine.
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A STUDY OF THE POSSIBLE ROLE OF ALULIINUM
COMPOUNDS IN ANIMAL AND PLANT PHYSIOLOGY,

By E. V. McCOLLUM, O. 8. RASK, axp J. ERNESTI!/H BHCKER,
(Frem the Depertment of Chemdeal Iygiere, School of 11ygieane anid Public
Health, the Johms Hoplins University, Jiat! .'m/,.ve.)

Prarn 1.

(Receeived {or publication, Felruary 23, 1928.)

Aluminun is the most widely and abundantly distributed
metailic element in the cartlds erust, of w Exch it is entxmat{,d to
represent 7.5 per cent, wherans iror and calel

reunely
..n.,.ALlJ .

4.2 to 3.5 por cent rf"‘w'""'.'s,l.'.

}‘;Q\L

Leen intimately o with living ma
In recent years this element has assun
portont and consnicuous rdle in the human exn vironment

in the purifieation of water, in cooling uicnsils, in

and in nedieinal products.  Thereiore, serious
s boon given to its possible bislszieal signilieance

< .mi‘.xr and Arwten (1), Gonmermann (2%, Berbrand (3),
and others, have roporied the presence of signilicant amounts of
fiet of plant and animal preducts.  Osborne
e reported better growth in white rats from
Z

sluminum i

12l protein<dree milk’” to which had pre-

e-:‘d ’u’accs of iodine, manganese, fiuorine, and

rom the same “artificial protein-frec milk” not

tiese elements. Daniels ‘md Iutton (5) have sug-

eosted 2s o resull of experimental studies that aluminum may be
exiontinl to reproduction.

Sueh data as the o D’)V(‘ suggesh that aluminum posscsses definite

rhyviclnaieal funclions and that this element is an indispensable

bommy .,.‘mmn(
iy l:,Ac:‘cm -iew i3 held by Gics (6) and his coworkers. They
bave slees 1503 conducted repested investigations of the dietary
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754 Aluminum Compounds

properties of aluminum compounds.  As a result they scem con-

vineed ‘that aluminum compounds when present in the diet ar

absorbed out of the gastrointestinal tract and carried in the blood
stream {o different pfuts of the body with harmful effcots.

In contrast to the findings of Gies and his coworkers are those
of the Referce Board of Consultnw Scientific Iixperts (M), of
which Ira Remsen was chairman,  These investigators studied
the effects on human subjects of a dictary contaiu} ing biscuils
baked with the sodium alnninum sulfate type of b'mmn powder.
From these studies they concluded thas aluminum -residues
present in biscuits baked with the sodinm aluminum sulfate type
of b'ﬂ;inf* powder have no harmful effacts on metabolisni,  Sivsilar
conclusions have more recently Leen o\prcsxul b} Sehmidt and

TABLE I,
Parts of Aluminwn per Million.

‘ﬁ’ork{fr. Date. “I;ja ] Wheat. Corn. I;J’:";'
Theile, R......... ... 1867 7062,
v, M 1879 HO00~25000

Myers, V. C., and ’

Voegtling C......... 1914 450 1700-1500 200

ray, P.RoLo 1024 1 0.2-0.4 7.4-5.9 9.7-11.2 1 3.3
Sullivan, B, and Near,

Coiveiiviiiieea 1007 , 3.0

Toagland (8). These investicators found, furthermore, that ali
aluminum salts ingested were excreted in tnc {cces.
The wide divergence of views and conclusions expreszed by the
hove investizators on the binlogical and dictary siznifieance of
:t';umtnvm may be duc in part to faulty methods of determining
i in a chronological

>

boninum. It is Interesting to noie that
compiiation such as is given in Table I there tonds to } .)v o pro-
ve decrease in the amount of akiminum reported to be found

in the dilferent biological products indicated.
s
1.

Linen nnal yhpr\! ”‘lf‘lll‘stry h 3 unr)nv-n-(\nn i;n‘v)yovv

i

ent during

f:‘-l‘f) '*"‘vr\\. n()"f\lnﬂ by 'L ru) e I 1t y“qvv }m amre ‘vn)nﬂ 4{;3 L-L._) (»31‘:(.1-

1

o data are to() Imgh, In 1204 Lo corthy and Ausien
g N

ihed o compilation of data on the biologienl dlstribution of

e

s

e o, 55 ) Y A A L R 3 O e s
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aluminum. In the introduction of this publication these writers
state:

“In the older investigations, particularly these dealing with the mineral
czmat tuents of plants, data regarding aluminum are more abundant than
in later works, and deubtless some of the aluminum rf:port(‘.«] came from
impure reagents, from dirt contaminating the sample, or seme similar
cuuse. ... The greater part of the mnterial inelnded in the eompilatinn does
not seerm open Lo that eljection, for, as time has progreesed, analytical
methods and chiemical manipulntion have improved, and there i3 no reason
why determinations of aluminum made within recent years should not he
fairly good.”

IZowever, 1t still scems to be a question whether there oxist any
trustworthy Lt:m on the biological distribution of aluminum.
Further improvement in analytical methods or the selection of
her and more applicable methods for determining aluminum in
ological nanteriuls may demonstrate that even the most reeent
values in Table T are also too high.

Several difficulties may be anticipated in determining alurinum
contents of binlegical materials by chemical methods,  Undoubt-
eql j the runst serions of these diffienltics is that of preventing
contamination hy alominum from outside sources. Due to the

ride-s ‘)xmd occurrence of aluminum, its complete absence {rom
the best available chemdeal w“gentb and from the laboratery

23]

At

. em'n'onmont con hardly ever be achieved or assured cven when

the most rigid gvf‘f' autions are observed.  Accordingiy,
abwvays exceedingly difiicult if not impossible for the analvst who
uEeS chmmcztl me ‘wom for determining aluminum in <uch small
amounts as may be expocted to occur in biolegieal matter to
produee data from which are prechuded all possibilities of intu-
ence by aluminum {rom- outside sources. In using chewieal
rethods for determining aluminum in biolegical warerial there
\'.E.I therefore invariably be the probability that part or ali o' the
alnninum rcporteu was due to unaveldable conta: :
For ascertaiving the presence or absence of small amou
also for approximate estimations of such ameunts of alwminum,
the speetrograp ‘m, method has the following wdvaniazes over all
wods: (1) sensitiveness; smaller amounts of alumi-

num ean be det :c’ by it; (2) speeifieity; the possibility of con-
fusinz other sm stances for aluminum is entively elimi l.tLu 3)

£
B
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756 Aluminum Compounds

¢implicity and rapidity of manipulations; (1) absence of all cherni-
cal roagents except atmospherie oxveen.  Such conditrons reduee
to the lowest possibie point all chanees of aluininum contamina-
tion .

Lo view of these considerations the speetrographie method wus
used 1 this investization. The details of the technique were ns
follows: The material was ashed in siliea dishes supported on
tHen tr*.‘.rmo: over Bunsen flames, The spectrun of the resuiting
ash wag exeited in a 20,000 volt condensed spark between vertienl

; electredes Ly placing 20 to 30 me. of the ash in a hollow of
ver clectrode. "The sceondary eivenit contained a self-
on ¢oil which served {o reduce the intensitics of the lhes
ir.  The spectrum so produced was dispersed and vecorded
s by means of a Hilger 1 ¢uartz prism spectrogra H
In t‘:z(‘ mvestization reported in this paper this speetrographi
techuigue was employed in ascertaining t‘x(‘ biolo rr'.u W distributic
f\.! iminum and in conjunetion with feeding tests for nscertiinin
he dictary properties of aluminum salts

The rates uliime of aluminum are, uccov‘(‘ﬁ'w to de Gramont
{0}, the lines 3844.0 and 3981.5. 1~o“0 numbers are the names
of the Iines and thelr wave-lengths in Anastrom units, The hue

o

30515 s the first rede uliime beeawse a smaller quantity of ahuni-
muy is required to produes it than any other line in the aluminun
gpectrum. This lire persists :f’mr all the other alimimum lines
have dizappeared as a result of a progressive dilution of alwminum
in ,;,;_, speetral source.  The line 30440 is the sccond rade wltime
breanse it is second to 30615 in the above 1L~pﬂnts.

It was obvious from the work of de Gramont that the purposes
of the investigation could be served adoquately f!nrl most con-
veniently by confining spectral examinations Lo U s abo*’c two
lives. A fow preliminary speetrocraphie

j3gves i

ehowed thisto beso.  Aceordingly, only u]“m'n of
ent ‘L include these and o fow adinind
ed in this paper.
In order to facilitate the iden
SC0L5, and aleo in order to dv‘mon:t
S e copper Olr‘c’("odﬂs all spoe

1 S S S
1 which iopmoaenis bro typial

e s ot s e

e et
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5");*(-:1‘0&:1::;;. In each spectrogram the upper speetrum 13 that
(»vt' Lhe ér;m?v eioetrodes. The middle speetrum, or sgwc“"u"‘ of
Pho 11'12;1\0-'»‘\‘1-1 i tind of the same elegctredes with 20 to 80 mz. of
e ash to be investizated in the lower dleervede. The third or

control =y
spoetrum except that Ldarop oo 0. pereom solation of aluminmm

in forn of the chloride was placed on the lower elecirede provious
1o thind exposure and of course after photographing the middle

2%

o

epeoprunt. Ahe two shore end ;‘:’-iﬂf:\'r']\r heawy lines nesr the
contor and in the third or bottom spectrum ave . 30410 and 39615,
the former being on the left :md the l tter on the right Ihc

4 Te

«© lines in the upper spectrum is ovidence or p]‘m)f

wheenee of thes © oT
that the “‘G‘rmt% do not contain aluminum.  Their absence
cetrun i3 evidenee of the absence of alumitim

from “‘L ‘mﬂf !
irothe nsh, which was
In o:'d(‘r to QSCE"M.‘\. tha

tachnique, or in opder to ﬁcoormif. Hin amallest .rgumninvs of

piaced in the lower eleetrode.

tiveness of this spectrographic

A

f”()f*mms in Fizs. 2 and 3 were prepared.
s ash of 10 g

. - s A
shuninmum which could ho detoeted by o under eonditions of this

ms in Tie. 2 reprezen
1 whole egg prepara ion.  Another and

arotion seas used 25 a souree of ash for

oi t‘ns spoctrogram no trace
) i Ry 'Nm* ~\""CI‘C ingly, so far as can be
tropmaphic techaique, whole egg contains
retrogram in Fig. 2 is of the ash of

no alaminam.

atl

10 = of whole cog to which had been added previous to ashing,
1 xu‘ o1 o solutien cont:‘xrm" 0.001 por cont of metallic aluminum

tiz. i

The emg provious to ashing, therefore,
tf por million of aluminu In the middle cpec-
epaotrogram i can be ohzorved that this
intm (1 p.pam) wes sefficient to pu)duoc
ox, althongh 3044.0 1s t“cn faint. The third
. 3 I. L}m: o‘“ 10 o of whele egg to which had

r eent solution of aluminum,
inine 2 p.pan. of metallic
1

is spectrogram the aiwtninun

Fo R

o 1s t HE e 05 or o (()‘1»1:\\)»«.10'] of the midd! (&
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58 Aluminum Compounds -

lines produced by the 2 p.p.m. arc slightly but nevertheless dis-

tinetly heavier than those produced by 1 p.pan. in the second
spectregram. The spect
this spectrographic technique is casily capable of c.u\,gm zlppm.
of aluminum in biological produets. TFurthermere, the dxfﬂ}rcncas
between the second and third spectregrams in Fig. 2 sugsest the
p'fﬂ‘ﬂ“bi‘ity of approximating the quantity of aluminwmn prezent.

¥ig. 3 contains spectrograms which show that this spectro-
graphic technique is capable of deteeting 0.5 p.pan. of metaliic
alumirum. The {irst speetrogram in Fig. 3 is that of the ash of
whele egg without addition of any sluminum. It represents,
therefore, the eame kind of ash as that z"rrm;ontcd by the fimst
spectrogram in Fig. 2, In confomrtv with the first speetrogram
of Fig. 2, the fizst speetrogram of Tig. 5 shows the abzence of
aluminum in whole ege. '

The second speetregram in Fig. 3 Is that of the ash of 10 zm. of
the same whole ¢rg proparation vsed in prepaving the fivst sneetro-
sram. LuU o tiere 10 gm. was added previous to ashing 0.5 ml.
of o eolution containing 0.001 per cent of aluminum. This mix-
ture represents, thevefore, 10 gm. of whole egz conlaining 0.5 p.pan.
of added metallic alumi nurv

Gadils (2d

An examination of the recond spoe-
trogram In Tig. 3 will show that this concentration, viz, 0.5 p.p.m.

of metallic aluminum, is sullicient to produce *61.6 but not
3044.0. The thi is that of whole eog ash

d apeetrogram in Fig, 3
coutaining 1 p.opm. of alum irwn au.cd in thc same manner,  As
iz to be s spectregiam contains both alumwinmun lines,

secons ST?C(;uﬂ:”"]‘ in W‘". 2

For purposes of this investization the following condlusions may
be drawn {rom the experit x‘o:ﬂs reprezented by the ﬁ"""tro"r'lm_

inTizs. 2 and 3 concerning the ronsitiveness of $he spooirographis

téﬂlxniqu" u'"cr;!‘rd :“Hgv for demonstroting the prezence or

neo ﬁ ’""""VI‘ ’Tl ‘\: T/x, rm‘ n\r*r\n »11

s oouminun

iin ,,\mu\,.n-m, u o (nAf-l-c AT IO
H e

trograms in Fig. 2 show, thercfore, that

O A

o e e W

o s i e s <N i

T T M
)
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1. An pluminum concentration of less than 0.5 p.p.m. is d'}mon-
strated by the absence of both sluminum lincs, sinee 0.5 p.p
.13 sullicient to produce line 3201.5.

2. An aluminum concentration of approximately 0.5 p.pm. and
less than 1 p.p.an. is demonstrated by the presence of line 3961.5
in the absence of line 3044.0.

3. 'The presence of beth aluminum lines is
nuin concentration of 1 p.p.m. or more,

[N

evidence of an alumi-

Bislogical Distridution of Aluminum.

This spectrographic technigue was np/ plicd toa n‘.‘m’

and animal produets in order to aszeertain the his 1 d fribu-
tion of aluminum. The following ﬂlo nt produet: » examined:
wheat germ, veast, navy be"n" Lima beans, pot atocs, carrots,

and cottonseed mor\!. The animal preduets examined were hens
czes and the folle "'ipg organs & ;,c‘ tizzsues of t‘m rat: liver, kxd-
ROYS, srleen, tostes, ovaries, bone, ,.ct al musele, intestinal w !s

skin, and lungs. \1 of tm* ¢ prodiic g, Vi i ne exeeption of ra
:km, testinal wells, and lungs, gove speetrograms identieal Wuh
: co flheztrated by Tig, 1in thot neither

’
~ . - v o) o o
or at loost 0 vn ql(,nt £ 43

VAULAS, U

PP VA SIS Y LS LSV L)
shuninum Iine vm”ag rezent, Rafbskin, intostinal walls, end kungs

gove spestrograms which contained iiu 3961.5 but not knc 3644.0.
The srectrocrams ()f il i

cze three products were equivalent to the
second speetregram in Fiz 3, which represents a concentration of

ild

0.5 p.p.m..of J.h:'?;znn n.

This conerelsurvey iuiicaf.os that aluminum iz not o constituent
of bia! c*" materizh,  If prezent ab all its conenntraiion is loss
than 6.5 popom. l"r"unc this concentration is sufli ic i to produce

ept in the case of rat skin,

o three tissues the alummum

cutly procont but its coneentration was legs than 1 p.pam.
e CUHL0 world hove been presemt.  The presence of
of aiuminun on the

he hair, intestinal wall, and in the
of these tissues are .’lA‘.‘:LyS in inti-
with dust, dirt, and other foreign meterial in which

o ﬂ"p“cfﬁd Al

setafions and C;)‘whlu;r 1OnS OXpT
oiives wihied

ressed in this paper
show delicnte lines more
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760 Aluminum Compounds

:xhxminum is invariably present.

Therefore a trace of aluini-
nun in such tissues is miwore apt to represent adgbrbed forcign
maiter than any normal tissue constituent.

Dictary Action of Aluminum Compounds.

Young rats were raised to mature ages on diets coniaining
rats so raiced were compared

ainminum compounds,  The
respect to growth, reproduction,

control rats raised under identieal conditions on dicts free from

TABLE
Composition of Diats.

and general well being w

11

with

Coutet. | A | Jobdp
DT U 10.0 10.0 10.0
(qmn ...... 20.0 20.0 20.0
W1s Mixture 185% .o 4.0 4.0 4.0
AT e 2.0 2.0 2.0
Dutterfat........... e 8.0 S.0 S0
(O3 1 ¢ VNP 56.0 55.4 53.0
tyminum chloride. ..o 0.6
I> thing powder. ..o 4] 3.0
* Composition of Salt Mixture 183
am

NaCl....... R L LR R R 146.0

Mg 80, (anhydrous)............ e 225.0
I\an; 16 TS 5 21 0 T LR 203.0
TLHPOs e AU §05.0
CulIg(I)()4)2+II.O ............... P Hreee e 436.0
Feeitrate {de)..ovvnnnn.s e 160.0
Caloetatn. v e 1008.5

alnminum but otherwise identical with the aluminum-containing
Two separate and independent experiments were carried
.6 per cont of alumi-
rthe test diet contained

diets.

out. In one of these the test diet cor ntained ©

m ehloride (ALCL1217:0) and in the ofi

W U ila

-

Lo fresh powder, 15 ml. of &t

n ocid phosphate baking powt

R S LA L I ]
SCCOMpOsLIIon WRE

f‘" which had

by ”"uu &

’\‘l[ 1,\, 3g

d been arti

2 rer cend of a commereial brand of :Omwn aluminum suifate,
\,;.’LH e

+ 100° for 20 4o 15 minutes in a const a’*f, "*mpc"auqxc oven.

e e R A

(SRS NPORR e

o b i 8 e s A

T s e i P

D0 i

T e ot

“had previously been found by
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¢ ~o m: cd or (mtch:natod previous to incorporation with the
other dietary constittients. 'The composition of the control diet
The baking powder

and the two test diets is given in Table II.
analysis to contain 2.1 per cont

al N : K At erlvr - 3 : I
aluminum. _X'c.cordmg._\ , 0.6 per eent of alwminum chloride and 3
per cent of baidng pnwder represent reapeetively 0.067 and 0.063
per cent of aluminum in the metallic form.  In feeding tests the
o s the

e e e

1 . e —_—
i | I '
|.1at, @ﬁ_J : '
E_.._," LTS SN S b 1)
i C”eln T2owl Ty e
| b 4.0 | !
i R
e
i ! . UI

i 'Fn?:'r-r'lc.. 1. Growth records of control group of rats on aluminum-free
dret. )
difference botwc“n these two concentrations of aluminum may be
dizregarded. )

The rats used in these experiments were born of cur breeding
stock and weighed 45 to 55 gm. cach when started on the diets).
Ten of these were placed on the control dict and thereby served
frols,  Ten were placed on the aluminum chleriic-econtain-
, and six on tho Laking powder-containing diet.

"ho growth ¢
The gLO\,th gurves of these rats are given on Toxt-igs. 1,2, and

Ao
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762 Aluminum Compounds

3. These eurves also show frequencies of reproduction.  Photo<.
graphs of typical controls and tosts nre shown Hy Text-figs, 4
and &, These charts and photographs show that rats receiving
in their diets 600 ppan, of metallic abuniowm either in form of
the chloride or sodium aluminum sulinte, caieium acid phosphate
baking powder are the same as the control rats with respeet to
growth, reproduction; and gencral appearance.  The young of the

i

e

Lot
‘[ I

..L(u: fat |
i i I

h
z .
3 i !

Texr-r16. 2. Growth records of group of rats fod aluminum ehloride-
containing diet.

controls were in general discarded but a large number of the youns
of both of the test groups was examined for the presence of ahumni-
num by the spectregraphic technique already docc"bod. These
minations were applied fo the ashes of the cntire hodies of

y rats rangingz in aze from 1 to 7 ww "“'l ot
s

Fet
¢
+

,
1w ashes of

LS »w}. Organs of otha o1 tly_“v hind

n i

.Au\,uuj, for 304 wee

3

coen weaned and had subreizd

e G
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The ashex of the individual organs
examined in this manner were those of liver, kidney, spleen; ovary,
testix) skeletal musele, bone, and futestinal wall. The ashes of

~the entire bodies of the yvoung haby rats and the ashes of all indivi
dual oreans except those of the skin, lungs, -m(l intestinal walls
gave speetrograms like those ilustrated in lur Lo indicating the
absenee of aluminwn down (o fess than 0.3 p.p.m. of the fresh

their respeetive test diets,

ey

oo P

| [ | ! ! ! ) | :
i ' { i !

e 1 —. “i‘“ - S I I ’ f - ( e

| | i ! | | i i : i !

o : ‘ ! ! | | : ! i | i

i - - TR T NP -1 —t s T

9] R A o
v i ! ! i ; i i
a2 : | ! | I . i

3o boeesd T [ e R _;' T
2| i i : i i ; i
o . A
] ‘ i

Srans

Trxr-r1e, 3. Growth records of group of rats fed aluminum in the form

of sadium aluminam sulfate baking powder.

tissue.  The speetrograms of the ash of =kin contaiued line 3961, 3,
but uot 30140, which indicates a conecentration of 0.5 p.p.Im. but
less than 1 ppan. The speetrograms of the ash of intestinal
wa s’ ﬁo.xt'\mcd both lines of such intensity us to indies ate very

ttle more than 1 popan. Tt should be mentioned at this point
élmt 1 » infestinal walls provious to ashing had been slit open and

IR

gently sgitated for 15 {o 20 sceonds in each of four successive 1

L1



TEXT-rri. 4. The rat at the top iy the conteal yat; the lower raf ro-

ceived sodium aduminum sulfate, enlelum acid phosphate haking powder,

e s e e it e - \
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e
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T e 3

3
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[

Trxr-rie. 5. Therat at the fop is the control rat; the lower rat received
sluminum chieride.
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liter portions of distilled water so that cxtrancous matter was
apparcntly absent.

The significance of abuninum in the skin, fungs, and intrstinal
voalis has thm) been discussed. In mﬂ(*r tn 2:ceriain the
sistence with which aluminum in the dict adheres to or i3
zhed by the Infestinal wall| o series of spectrogranlie exarmina-
tio S Was nmib of intestinal and stomach walls of rats raiz-
the three dicts; viz., the control diet, the aluminurg chlori
and the baking powder dict. Typical spectrogran
experiinents are shown by Fig. 4. Theze spoctrogmina
ashes of m‘f-%mal and slomnch walls of seeond poncm¥on woe
which had sulsisted on J‘o T ro'=pccm‘o dif‘*: Jtod

-

.
i
-~
e
3]
[ad

8

i

L.
i

wshix

sue :<'~,‘:?i.c 1 LCl‘ ;‘ortmn: of (..Lchllcd watcr in the ramnner gl
deseribed. The first of thege speetrograms iy i1 K
stinal {raet of o seeond aooneration cont
old. The seeond s that o8 the ash of the
c-f 2 ‘Lw rat of the eame age which had subsis
diet during the 3 days preceding the expe
that of the azhes of the intestinal tract of ano
:ted on the control di

i

Ty

=)

e
-l
past
=
iy
o=t
1
>
T

L

sameage which had su?
that preeeded the experiment,  All speetrogrm:
ence of aluminum though loss than 1 p.p.am.
nected the seeond spectromram shows the Ei:n(‘:t coneents
Iiowever, the third shows no more aluminum than does Lo frss
which represents the alinninn content of the intestinal "":.-‘z of
rat raised on a supposedly aluminum-free diet, Apparently, there-
fore, the "‘cr;tm:l tract docs not absarb or combine permansntly
with alumsinum in the diet, even fho*l'*‘x the diet contains lamge
quantities, since aluminwm which is swopb out of the tret in os
short o time a3 § days could only have been entrapped n o we-
c]':mi:*:\l *nu wmer. In this respeet no differences could be detected
1 in f{orin of the chioride and in form of sodinm
v:zki: Yodlol )wc’(‘r residuc.
atal work was being terminated, the livers,
oons, ove "*W, and testes of four of the first generation
ore examined for the presence of sluminum. At the
time of thess examination s, these rats had subsisted on the test
or about 8 months. A\H of these organs were found to be

N
o
&1

hc wWoon
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760 Aluminum Compounds

aluminum-free or rather to contain less than 0.5 p.paon. of the
element, sinee their speetrograms were ‘identical with those ilius-

trated by g, 1. '
During the progress of the feeding vxpvr.unonts, sp(:ctl‘ogmm.s
were propared of the ashes of the three diets and of ‘t,hc {eces
resulting from these dicrs, These speetrograms are shown by
° : It s mteresting to note that the control diet ap-
pears free from aluminum but that the resulting feces fhmy line
3061.5, fudie: ting samething less than 1 p-p1. of aluninum,
.»&ppn:i“ni}y there was a very small trace of alummpm in the ‘E('St
diet, too small 1o b revealea by the speetrographic method but
suffizient to mepresent 0.3 to 1 p.p.maof the feeal concentrata

218

The heavy aluminum lines of the ash of the alwninum ehloride-
containing Get are due to 0.1 per cent of metallie aluminum, as
' e T . . - . L

ared with' 0683 per cent of metallie almninm in the haking

A concentration of 1 per eent of ALCLIZ2ILO or

i
Tigs. 5 and 6.

comp
powder dict. et of ALCL ‘
0.1 per cont metalle aluminnm was used for the first 2 weeks of
the ‘f'-f-"?"“v nment.  The concentration of the ALCKI2ILO
wlils — tan B e . ) ;
was then lowered to 0.6 per cent in order to cqual more nearly the
alurinum cepeentration in the baking powder-contuining dict.
© o i 2 N . : . :
“he speetrograms in Tigs. 5 and 6 indicate, or at least suggest,
The speetrograms in Iigs ,
3]

hat any aluminum in the dict s exereted without passing t;m)x{gh
Lie walls of the alimentary tract.  The speetrograms representing
hie

the diet and thie {eces of the control rats indicate that any con-
’ ) . . .. e gl
centration of sluminum however -small is never absorbed but

o+ e

164

always exereted.
DISCUSSION OF RESULTS.

As has already been remarleed, previous studies of the biu!ogic-:,ll
and dictary properties of aluminumn compounds have’ }'@f;\lh@fl in
very diverse views and conclusions.  These may be dfvu!cd nto
three groups.  According to one, aluminum compounds are very
toxie and chould therefore be exeluded {row the diet.  According
to o recond group, aluminum iIs a nornal eonstitnent, of' a lg!'ge
rumber of both plant and animal $icoues; the introduction into

T 1 - »,
i 13 therefore

nal tract of limited aquartitics of alum

1

s prohobly even
1

h belong

ormal and harmloss cecurmonee hut

i s o . . . ol .
1o life.  Aceording to the third greup, Lo whic
ir [

Disings of the Referce Board of Consulting Helentilie Iixnerts,

R
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—
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our notmal consumption of foods, containing added aluminum, is
not deleterious or injurious to heulth.

The present investization has vielded results which indicate
that the views of the first group arc erroncous, and also that the
second group is crroncous in its views regurding the wide-spread
occurrence of aluminum in biolegical matter. However, the
results of our investization eonfirm the views of the Remsen
hoard.

The following are the only eonclisions indicated by the present
study:

L Aluminum is not a constituent of either plant or.animal
matter.

2. Aluminum compounds are not absorbed out of the stomach
orintestinal tract when present in the dict,

3. Aluminum compounds when present in the alimentary tract
do not form any union or compound with the stomach or intestinal
valls,

4. Aluminum compounds in the dict in concentrations as high
as 600 p.p.ni. of the clement aluminum exert no noticeably del-
cterious action on growth, reproduction, or general well being as
Judged by oxternal appearance and autopsy.

These conelusions ean probably not be regarded as final until
after additionai and confirnivg data have been obtained on a
larger variety of materials and other animals. But until then
there seemis to be no other alternative than to accept them as
tentative,

This investigation is one of a series on the dietary and other
biologieal properties of supposedly biologically rare elements.
A study of eortain dictary propertics of fluorine has already been
reported from this laboratory (10). A eonsideration of the possi-
hle Liolowteal funetions of manganese is now in progress and in
the near future similar considerations will be given to zine, boron,
arsente, and probably other elements,
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" Precision and Accwacy of Colorimetric Procedures as

Analytical Control Methods — ™

Dectermination of Aluminum

063/

ALLEN L. OLSEN, EDWIN A, GEE, anD VERDA McLENDON
Bureau of Mines, Eastern Experiment Station, College Park, Md.

A colorimetiic procedure for the determination of aluminum, calcu-

“lated and represented a3 eluminum tioxide and involving the forma-
tion of the red complex by the interaction of the aluminon reagent
g the aluminum ion, has been developed to meet the special re-
quirements in the rapid cnalysis of leach liquors in pilot-plant
cperations. The factors influencing color intensities have been
investigated and the requisite techniques for a precision and an
sccuracy of a control character are described.  Employing these
techniques in the analysis of an aliquot of the feach liquor, precision
eand accuracy studies es applied to ordinary and refined laboratory
techniques have been made on typical analytical data. Statistical
reasoning based on the standard deviation is applicd to the acquired
data.  Applying ordinary laboratery techniques, the sverage pre-
cision, measured by the average deviation of the single results from
the mean, is of the order of 195 or 10 patts per 1000, while the over-
sl accuracy is of the order of 1 to 3%.

\

N['MEROL’S Kterature references (7, 8, 12) and recently
published books (3, 6, 17) desctibe in detail the procedures

invelved in colorimetric determinutions. Although the colori-

metrie method has been used for ile rapid estimation of sl

Guntities of many inorganic substances, not a great deal of em-

bhasis has been placed on the precizion and wecuracy that might

be expected in its use asan analytical eontrot method. In quality

vintrol work, speed is so essentinl that precision and accurney
we often sacrificed; hewever, since intelligent conelusions in
plnt, operations have to be based on the analytical daty, it I
roentinl to ascertain the precision and wecuracy of the control
methads,

Neeent investigations in this Inburutory have been concerncd
witl, the colerimetrie procedurcs involving sluminum, titanium,
slicon, and sodium. The procedures are, _fnr the most part,
aduptations of previously published methods; however, aus &

matter of convenicnce, deviations from standurd procedures are
neeessarity mnade from time to time, snd the subsequent eflects of
the varinbles on prevision and accuracy sre briefly considered.
Stutistiend reasoning based on the standard devistion is applicd
to the acquired data (). The purpose of this investigation is
therefare twofohl: to deseribe etisfuctory laburatory techninues
i eolorimetric procedures as applied to aluminum and to evalu-
ate the precision and wecuraey that might be expected in routine

& n;».l_\'scs.

The usual procedure in the eolorimetric determination of alu-
minum involves the formation of the red complex by the mterae-
tion of the smmoeninm salt of aurin tricarboxylic acid {aluniinon?
and the aluruinuw ion in a earefully buffered solution (3). In
the investicitisn of aluminu in plants, Winter, Thrun, and
Bird (15) conelude that maximum color is ohtained in the pres-
ctee of 107, ammoninm acetate when the solution is muintained
ot temperatre of 80 L. for 10 minutes and pH 4 (approsr-
mately),  In the presence of 25 mi. of both ammonium acetate
and mmonium chloride, they hud that the dye changes color
wlabont pl 7. Rolier (1) =tares that the red color which aldmi-
num ton gives with aurin tric rboxylic aeid is much more sensi-
tive it made at sbout pll 6.3 instead of in alkaline solution+ as
recommended by Yoe and Hli (74}, The latter authors, inves-
tigating the procedure under different experimental conditivns,
cite five factors that affect the test for aluminwn with aluminoen;
time, terperature, volume, concentration, awl the presence of
other ions.  Lampitt, Svivester, and Bellimm (9) sugrest the Use
of glveersl 1o stabilize the lake formed., Thrun {(75) had tvesi-
gated the use of protective colloids in colorimetric deterninatot
of certain metals as lakes of dyes und recominends the ne of w zut
arabic solution to keep the aluminum lake of aurin tricarbaxyl:
acid in solution.

The colorimetrie method presented here for the determin:
of aluminum, caleulated and represented s aluminum trionde
bas been developed at this station to meet the special toquare-
ments in the rapid analysis of leach liquors fu pilot-pla © oper
tions. The saumnple tuken for snalysis must be free fronnter-

7nd . f:z'&, C’fxz
&
16:169-172 (1594)
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, of concentratend hydrochlorie acid 1t
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Table 1. Colorimeter Readings

{0.04 mg. of ALOY .
Rending
Test Tube No.1 - No. 2 Average
1 185 185 185
2 183 185 1585
a 185 184 186
% 184 186 185
52 161 164 164
1a% 173 16 170
230 150 157 158
3at 183 178 181
4a% Yos 158 1585
532 163 163 163
1b 187 184 157
b 183 155 185
3b 184 187 186
4b 154 187 186
5b 185 187 186
# O1d test tubes; previous kistory unknown. P

=

fering ions, which include ferric iron, beryllium, and chromium,
since these form a like similar to that formed by aluminum, Cer-
tain variations may be introduced to eliminate these interfer-
ences. Chromium like, for instance, in acctate solution is rap-
idly decomposed by the addition of wmmonia and ammonium
earbonate (¢). Severwl procedures may be followed for climinat-
ing interfering iron {4, 9).  Phosphate, il preseut ia appreciable
quantitics, prevents the formation of zluminum lakes.

ANALYTICAL PROCEDURE

REeaceENts, Composile Soldion. Dissolve 15t grams of
smmonium aeetate, 5 ml of eancentrated hydrochloric acid,
0.400 gram of amauonium salt of aurin tricarbezvlie aeid and 1
gram of gum arabic in water, and dilute 1o 1004wl Dissolve
each reagent in o minimum quantity of diztilled water, and add
the ingredients of the eompozite in the onder named. The alu-
minon reagent, weighed out to the nearest nathoran, dissalves
readily in cold v To wake accurate ditunians, the snlution
of gum arbic must de cautiously edded; otheraase persisiiug
foams will preatly alter the liquid Levell The comnposite salution
deterioruies with nge, espeeintiy when exposed to the dighty it
therefore, must Le protecied from leht when stored,

Stendord Alwidsan Salidion, Dissolve 171 grama of wlu-
roiun chluride hexahydrate in Jodo0 wl of witer (1 mh = 1 g,
of aluminur triovide) and standardize gravimetvically (2

Working Standerd.  Dilnre 5 1wl of the standard o 500 mi,
{1 ml. = 0.01 sz of aluminum tricxideg,

Procrpusar, 12i-charge an aliquot ol the previously diluted and
acidifed Jeach liguor (10 ml of hguor and approximasely 15 il
250 ml, of an anount esti-
mated to eoutain 0.01 1o 0.06 me. of sluminum trioxide, into a
251al. calibrated blood-stugur te=t tube by means of « pipet, add
distilled water to the 12.5-ml mark, and thoroughily mix the con-
tents. Add 10 mi. of the composite solution by mesns of an au-
tomatic pivet and suflicient witer to bring the meniscus to the
25.ml. mark. Mhix the contents of the tube well wnd place in a
boiling water bash for precisely. 10 minutes.  Cool the tube and
contents in running tap water for o minutes, mix again, and
determine the color absorption with the Nieu-Sumnmerson photo-
electric coloriteter, A fiter of range 300 to 570 millinierons is
employed, tinre a =pecitophotometne stidy of the color in ques-
tion shows & maximum absorption at 53¢ mw in the red complex,

Sinee abzorption of the red color is not alinear function of the
aluminum trioxide eoncentration, a calibration curve rmust be
established.  Ouuntities of the working standard, equivalent to
0.G1, 0.02, 0.03, (.04, 0.05, and 0.06 mr. of aluminum trioxide, are
dlscfnfxrgr:d into blond-augar test tubes, and the Iakes are formed in
the usnual manmer.

Procedures for the gravimetrie analysis of aluminum involve
the usc of a windifiration of the quinolite method (2).

From the standpoint of aecurncy, case of manipulation, and
rapidity of technique, preliminary investigadions indicated that
the method of dilition was entirely satisfactory. Calibration of
twenty blood-suzie test tubes resulted inam average preeision
of 0.27; rv 2 purts Per 10060, No detectable dilference in eolor-
imeter reading could be ob-crved in comparing procedures involv-
ing pipets, burets sl 25-ml blood-zugar test tubes,

In an investigation onthe fiurtors influencing eolor intensities,
certain anomalous re-ults were obtained in establishing the
gtandurdization curve (Fable ). Tiven thouzh these tubes were

Vol. 16, N,

thoroughly cleaned with ¢hiromic acid cleaning solution, it i,
parent that only new tubes pave reproducible results. The X'rﬁ:
vious history of the remainder of tubes was unknown. Ty, It
shows the effects of chemieally clean test tubes on the reprog ;.
bility factor, Tubes in Series I of this table were cleaned with
chromie acid cleaning eclution; tubes of Series IT were Ck‘angd
by treuting successively with chromic acid, water, ethyl alechyy
benzene, and water; and tubes of Series I were treated Wi‘uk;
hot chiromic acid, water, and alkaline cleaning mixture (74) and
rinsed thoronghly with distilled water. Thus, to obtain Iepro.
ducibly accurate results the test tubes must be chemically r-[e&:.l
In all subsequent colorimetric measuremnents, new tubes only ;,rc
used, and these are cleaned, using the procedure as establisheq
for Series IIT.

The length of time in the boiling water bath has a marked 5,
on the color intensity, as shown in Figure 1. The technique Q;
heating at wuter-hoiling temperatures is employed to incre..,
greatly the rate of eolor development, and since the eoln '(n:
sity varies with the time, the tubes in all of these investivutjip,
were heated precisely 10 minutes, '

Table Hl.  Cleaning Effects on Blood-Sugar Test Tubes

(0.04 mg. of Al:Oy)
Colorimeter Readings

Test Tubes Series 1 ¢ Series 11 Series 111
11 203 196 196
12 192 . 188 183
13 169 173 1835
14 . 73 178 187
15 175 180 183

. 1la 163 170 183
12a 187 186 152
13a 185 188 183
14a 167 169 183
1oa 169 170 183

2 O)d teat tubes: previous history unknown.

The c¢ffect of varying quantities of composite on the color in.
tensity is shown in Figure 2. Since the quantity of compasite
added influences the color intensity, exactly 10 ml. of the alumi.
non reagent were added from an automatic pipet.,

Since the temperature of the swnple and reagents is a factarin
this method, a control of =3° C, of the solution temperature st

the time of standardization should be maintained. Several de-
grees above and below that at which the curve is established re-

sult in no serious error. Iligh temperatures promote color de-
velopuent, with attendant high aluminas, while lower tempera-
tures bave the opposite efiect.

In the preparation of the eomposite solution, quantitative uud
qualitative techniques were apphied to several sources of the re-

e vt
230 {—— ma. AL,
220 |—— —
(&
7210 —— —
<
S
& 200 pa ]
«
o -— —
5 o000
:c?) 160 b—o O mg. AS
S T h—" ,,|
o
O (50 p— :
Gesle— O o c.on
b A
100 I ! ! -

5 10 15 20
' BOILING TIME [min)

Figure 1. Effect of Heating Time on Color Intensity
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it {ap- agent. To reproduce tlie values of previously established stand- I ;q
T-chnre- srdization curves fairly sccurately, it became necessary to weigh -
1 ﬁ out the material on a quantitative basis. An Bastinan product 100 -
3 e 1 gppeared to give fairly consistent values, Taylor-Austin (£2),
H%h«u with 3 rcognizing the variations in the color produced by the inethed,
i eleaned ‘ suggests & restandardization whenever o fresh supply of the eolid el I ]
-ﬂtg:‘cohol, 4 reagent is put into use, Scherrer and Smith (17) state ilut a
eatdd with [ stisfaclory reagent may be synthesized. However, in view of ERAL] G - .
o (1>£ and il these variabilities and the fact that the composite undergoes a 5 ;~
dn répro. parked change on standing, even when protected from light, the é 160 b . ‘
Ay eledn, i prime necessity of carrying along o standard in routine snalysis P !
es only afe mnniot be overemphasized, It is common practice in this labora- E 3
stablished sorv to establish a new curve when it is observed that the reading 2180 ]
# o tle standard, when compared with the curve, is in error by an S f
zed effect gmount greater than 4 or 59%. In the desired concentration S anl— 004 ma. 440 — K
chx}iq e of range, 0.04 mgz, of alumina per 25 ml., this represents 6 or 7 ecale
0 increase givisiens.  For close control work, especially if the curve has not
orinten- { wen determined vecently, moderate success has been realized 1301 -
itigations ! by evaluating the seale divisions in the desired concentration / f
\ range in terms of milligrams of alumina; thus, by running a 120 /—- — 5
: standard in the concentration range of the unknown, one can ) i
] i caleulate the alumina from the colorimeter reading.  Obviously, o b : J ‘ i ! | 1 l I l k
e ; since the milligrams per unit vary over different parts of the 5 6 7 s g W0 1 12 13 14 s .
curve ag well as for different curves, no permanent valuea should COMPOSITE (mt) '
e be assessed to each unit. Figure 2. Effect of Varying Quantities of Composite on Color H
oo / i Intensity b
Iss | PRECISION AND ACCURACY » 4
%gg / ; The precision and accuracy of the colorimetric method sre con- (Vlﬂm\l (1 he XI\Cf(l.IdOd Of, ev;ﬂ;mtix:i;f}lm fact(;)r 0{ preTcxilion is that E
H;gi 4 veniently stuldied by applying the techuiques considered in the fm .'u. roin cunsi Pm:hcm of resuits S_Ct u“p y £ S MM (1). As :
1% § foregoing parngraphs to the analysis of a leach solution, Anini- s}mun in t.:ev t:d.)le., the numerical results are basc(‘l on the fact i
}gg‘ f tial investization was concerned with a factor of reproducibiiity that ?{) in 100 lmm? are used u,“d tl_mt» these ros'u‘.ts‘ are br’xs‘cd !
!; of results,  Tor this purpose two leach liquors, previeusly acidi- compmtfil_\"un. the e*:'ulenr.c C\':ntmn't‘d in 10 drtcfmmatxouﬁ. .Ine
e —— ﬁ fed and diluted (10 ml. in 250 ml) were divided into five por- gecurney o the m'rthod is dctt_:rm‘m'«"d b§‘ ”““{‘mg B comparson '
p— & tions cach, and & L-ml: sliquot (2 ml. in 230 1ml.) of each sample ‘t;xth gravlrn.ct.nc'rcj:_xl'ts; pravimetric data for 10 ditferent leach :
- :: 135 taken for the measurssnent.  The alumina content, recaleu- liquors are given in Tuble IV, i
om; tte } lited by applving an appropriate factor for dilution (125), was i
he slumi- | vsured over & period of several weeks.  Tahle I, representing o T I
p— oidinary and refined labaratory tccliniqucs, shows what might Table IV, Analysis of Leoch Liquors !
factor in ! boexpeeted in the way of precision for 10 typieally representative Accuraey of method undnr ordinary eouditions :
cature ab M Test No. Gravimetrie Colorimetrie pH Error ]
vers] de- S— N I AMyg./wl. My./ml. A l
mished re- Table {1l Analysis of Leach Liquor flz éiﬁ 2:8 <:1’ f
-olot de- Test No. i gi‘:g gg >% :
_empera- . My./ml. d (d? X 10%) H 3.co 6.0 < 5
Precision of Method under Ordinary Conditions 7 2 97 6.0 EY ¥
~dive and g 3 523 F005 5% f 5 50 3 ié
f the re- . 3 5.19 +0.017 289 10 3.87 - o ‘”.
. : 4 5.23 +0.057 3241 e _ . 3
: 5 5.11 —0.063 -3969 ¥
| : b BB B :
—~ ] & 5014 —ul0 1089 ’ DISCUSSION
i 9 5.14 —0.033 1089 = . L ” K
:[;?i‘o, : 0 5.19 +0.0i7 289 The expression, 7, = 0.99 (statistical probability), cited in i
? Ay, = X 5.173 T2 e 24210 X 1076 Table HI implies that a value for @ was chosen such that, in 9% h
/ ; o 0.040 & o1 chances out of 100, one might expeet the ranges bounded by N
-~ % T s e 5175 = 0053 (P = 099, 10 oheervations) thc- co.mpuwd 11111}1:\" to include, of the universe sampled, the 4
; Av. of gravimetric data = 5.114 mg. ZAI:O:\ per ml, Obl?('h“"uvcmge{ ‘\r ; L N
[ — ! Precision of Method under Best Conditions From the d:n:\bm Table 111, it is :1;.\1.\;xrent that the colorimetrie Q
\ ] , 1 511 40018 324 ) method .Sllt-JU](l g{n\'e :ul_:n'vmgv precisiou, measured by the avers ,
o.bs { 2 508 ~0.012 144 age deviation of the single results from the mean, of approxi- 3
002 O ; 3 g(’)} +0.0i8 22 mately 155, or 10 parts per 1000, On the basis of the gravimetrie i
| ; g ggg :8:;{5 ’ %21 \:ulut?, tld_s.r(’prvsvms &N aceurey of 1145, or 11 p:\rfs per 1000. E
‘ i g g(l); igldi’g 233: The precizion and.m‘,cm'nc_v are lll(,‘l(‘:‘.;\(‘d by cmploving retined ’3
] ! H 2708 2o 002 i techniques.  In this case spreial attention was given to temiperas i
.~ i 1o 5.2 +0.028 781 ture control, accurate aliquoting and pipetting, und precise 2
¢.o2 : Avi e X 5.002 2dl = 7369 X 10°¢ eslablishment of the standardization curve.  However, to attain i;
ey ¢ this preci<iun and accuraey, speed was materinlly sacrificed. 1a 5
7 X o e = 5000 & 0.020 (Py = 0.00, 10 (loorvationg t-l'xris case, the sveraee provision l:,wc‘um.v\' 0.67¢ ur 6 parts per 1000, ;
—_— Av. of gravimetric data = 5.124 ing. (Al:08) per ml, When compared with the cravimetne value, this represents an 3
: ; S S aceuriey of 0.6% or 6 parts per 1000, A
| ,
~~
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The accurney of the colorimetrie method is hest judged from
the dats in Table IV, Tt s apparent that the aceurney of the
method is of the order of 1 ta 377; however, in routine work un
oceasional 400 error has been obzerved.  In view of the faet that
the secwrney is inextricabdy tied fn with the standardization eurve,
the impottanee of preeise establishment of the ealibration eurve
eannot be overeniphasized. I the curve were recently estab-
lished, then the accuraey and precizion beeome nearly identieal
if put on the basis of a single anadysis,  Thiz neccssarily follows,
sipee the method involves an empiriend compurizon agatust a eali-
bration curve. Tt is obvious that a higher degree of aecuruey
will be obtained if, in the preparation of the solution for the color-
imetrie Jetermination, the concentration of the unknown is ap-
pr(),\:im;m-]y adjusted so as to fall in the range ahove 0.04 mg, per
25 ml. '

A further eonsideration of Fuble TV revewls the fact that the
leach linuors, having been previously acidificd with approvi-
mately 15 ml of concentrated hvdrochlorie acid, when aliquated
to the eortect concentratinn in the presence of exc wnmonium
acetate, viekd a veproducible pIL (6.,

Undoubtedlv colorimetrie procedures may be applied for the
determinntion of ;mrols'm(»nt in any given amount by taking
suitable alicprot portions for the measurement of the final eolor;
kowever, applving such a procedure the degree of aceuraey will

fall markedly as the atonnt of sample, represented by the oli-
quots, becomes smaller and =maller. Application of the colori-
metric process as a method of analytical eontrol must be decided
in terms of the effective range of accuracy by the individual
analyst after carvefully consilering the problem at linnd,

VOl. 16, Ke,
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Colorinaetric Determinaiion of Aluminum with Aurintricarboxylic Acid!

By Paur S. RoLLer?

The a urmtnu*box}] ¢ test of Hammett and Sottery? has been shown by
Yoe and Hill* to be wdytable to the quantitative estimation of aluminum.
In the recommended ¢antitative procedure, as directed for the qualitative
test, the reaction mixture is made alkaline with NIL,OFI-(NH,).CO; before
colotinnetric compurison.  The resullant gradual fading and the evolution
of bubbles have been found troublesome.® By comparison with a slightly
acid solution, it is found, as shown below, that the alkaline treatment also
greatly reduces the sensitivity. The alkaline solution masks the effect of
Crt++, but since this effcet 18 relatively slight, and since the manger of its
comp,etn elimination is indicated, it is proposed that in general the colori-
wetric determination of aluminum with aurintricarboxylic acid be carried
out at a fixed acid P11 '

Tha yellow color of the dye in alkaline solution and its red color in acid
solution practically neutralize each cthier at a I of 6.3 iu buffered soluiion.
Hence a Pu of 6.3 was adopted as the fixed acid P at which comparison is
made. ‘

In the present procedure, adapted to colorimeter comparison, X ce. of

the alumsinnm solution at gbout Pr 6.3 is diluted with (12—X) ce. of wate

and & ce. of a bufier (Pg 6.2 is added.  The bufier is 4 A7 ameonitn
acelgte coutaining soms hydrockloric ucid.  After shaking, 1 ce. (por 0.01
my. of aliming m) {2 0.15; solution of the arumonitn galt of the dve is
added and the raixiure is again thoroushly shaken.  The maximum color
mt(\ns ty is reac h d 1n ghout fiiteen winttes. The color is stable over a

criod of many hours. As in alkaline solution,®s the measured intensity is
not lmwrlv proportional te the quantity of alwninum. For amounts of
aluminzom less than 6.602 myg., comparison must be made in Nessler tubes

‘Fhe non-intericrence of other elements orizinally obse erved i3 found to
obtain also tinder tie present conditions. A blank result was given by the
following: 10 mg. of Ba®+, Ca+t+, Mg+ Zntt, Pb+t; 0.1 mg. of Cott,
Cuti o mg. of PO One mg. of Si0, from a sr;Ivtlou of a crystallized
%'thL(_ gave a color equivalent to 0.001 mg. of aluminum, no doubt due to
an impurity of aluminun,

As is well known, Fe*t++ is a major source of interference and must be
climinaied.  Meastred in a colorimeter, 0.010 mg. of Fe gave a culor
cquivalent to 0.005 myg. of aluminum.

(1) Published by |-grm::~ on of the Director, U. €. Bereau of Mines,  /Not subject to copyright.)

(2) Associute chemist, V. 8, Burcan of Nines, I\m!mm dllic Minerals Experiment \nntm'l Rutgers
UVniver.ity, New Bruns'..c’;., ‘\ j

(3) MHawmett and Sottery, Trus JuurNAL, &7, 147 (1925).

(4) Yoe and Hill, di6d,, 49, 2295 (1927).
, (3) Myers, Mull and Mortison, J. Biod, Chem., 78, 595 (1928); Schwartze and Hann, Science, €9,
09 (19203,

(6) Winter, Thrun and Bird, THis Journaw, §1, 2721 (1929).
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“observed by Yoc and Hill is also obviated,

2438 ANXE WHITE WITH R. M. Hixoy Vol ae

Cr*++ in chrome alim solution was found to react slowly with the oo
The green Cr*++ reacts more rapidly than the blue; increase of tens.
ture hastens the reaction. At room tenuperature, 0.10 mg, of green Oy
gave after fifteen mimutes a eolor cquivalent to 0.0005 mz. of alyn,...
after thirty minutes 0.001 mg. of aluninum, and after cichteen hourc g 05
mg. of almninum. Tt is scen that Cré*+ i3 hut 4 slight source ¢ :.n.
fereuee under the conditions, Complete elimination of this inters, ‘
is indicated by an increase in i dependent an the quantity of Cr+ -
of course, a resultunt decrease in over-all sensitivity of the foa,

Under the present conditions, the aurin reaction with alumingy, |,
extremely delicate. A faint pink is obtained vith 0.0001 mg. of aliminy,,,
so that the sensitivity is about twenty times that reported by Yoe and Ly
under alkaline conditions.  Besides the elimination of fading and of capn,e

(e

M
dioxide evolution, turbidity in the presonce of foreign ions such g iy

New Brunswick, Nuw Jersny RYcrIVED MfaRcy 1, 1

PuBLisnon Juse 6, 1y
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A MICROSCOPIC STUDY OF THIE TISSUES OF THE ALBINGO
RAT FOLLOWING THE INGESTION OF ALUMINUM

SALTS * ’
By
ERNEST =COTT a~xnp MARY K. 1ELZ
(Received for publicarion April 29, tas2)
In addition to the animals used in the present seriex of experiment s
this study includes w complete histologienl review of fi<es of those

rats fed sodium aluminum suifwie baking powder by Lymun snd
Seott (1) in their work on The Effects of the Incestion of Tartrae or

Sodium Aluminum Sulfate Bukine Powider= upon the Growrh, Repro-
duction and Kidney Strueture in the Rat. '

The animals used in the experiments of Scott and Lyman were fed
a basal ration of; :

Wheat meal. . ..........0 .. ... ... 6 parts
i Poultry meat SCFUP L I part
Dried skimmilk . ......... .. . 1pan
Lardorbutter.... ... .. ... . . .. 2 parts
Nalt ..o o o 0.1 part

Group 1, the conirol group, received only this basal diet. Group 2
reccived the control diet plus one gram of the baking powder to 212
grams of food.  Group 3 received the control diet plus one eram of the
baking powder to 53.5 erams of food. Group 1 received the control
diet plus one gram of the baking powder to 636 srams of food.  In
addition to this diet the animuls were fed shont 0.5 vrntns of cod Tiver

oil per rat per week and also green s(ufl in sensomn,

The initial weight of the animals in o) sroups wax hetween S0
60 grams.  Sinee it appears that the mae of srowth viries slighe Iy
with sex, the two sexes were separated. The average time, in davs,
required by cight control males (o wain 100 grams was 7. The aver-
age time for 26 of the aluminum fed made animals, representing gl
groups, to make the same gain was 151 days.  The avernee time re-
quired for four females of the control group to wain 80 grams was )
days.  The average thme for 20 of the almuinum fed females to ke

* From the D(‘p:u'lmcm af Pathology, Olio State University.
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the siome cain was 37.6 davs. I thixexperiment it seems that a more
rapid initial erowth cecurred in those animals which recerved aluminum
<ttlt< in addition to their fosd, This increase in growth is not varied
by the anmounts of aluminnm used.

The authors state o their sunmary that “varying amounts of
<odivm aluminume suffae haking powder up to approximately 2 per
cent of the diet have no appreciable effeet on the rate of growth, max-
imum adult size, longevity, reproduetion and non-protein-nitrogen of
the l)]uml."

The kidneys of the rats above deseribed, xome of which had been
fed for a period of 21 months on as high as 2 per cent 2.AS. baking
powder, presented neither gross nor microscopic lesions whereby they
conld be distinguished from the Kidneys of the control group.

In the present report the kidneys of the animuls used in the pre-
viously deseribed experiments were reexmanined and the examination
extended 1o include the remaining organs of these unimals,  This re-

port also inchudes two ather =eries of animals which were fed much’

lareer tlose< of aluminum than those of the previous groups.  In this
Futter work the chemically pure chloride of aluminum was used.  This
diseussion considers 21 test and 4 control animals reported by Scott
and Lynuein, S aninalz fed 3.6 per cent aluminum chloride for over a
vear, and alo 3 otest and 6 control andtonds receiving 3.6 per cent
alnminwm ehloride for 37 davs,

These Liter aronps of animals were started when 3 to 4 weeks of
aee and averseed O oraans inoweight, The basie ration for both
control and tes<t anineds consisted of o growing mash™ used for baby

vhicks.  This wis o well babeed feed pur one by a local elevator and

has proven fully adecine for arowth s reproduction in our other
lahorntory animals. The rest cronp fereived this mash plus 3.6 per

cent alnminum chloride AL 6Ha0 0 This was thoroughly mixed in
a mortar and fed devs o Phe control sreup received only the basie
ration, :

The duy before they were hilled the animals were weighed, the
alummnum fed group averngiug 2010 crans and the controls averaging
191 erans Thus at the end of the 37 day period the aluminum fed
rit= had wained more weieht than the controls. This isin strict accord
with the findings of Seott and Lyman as well as with those of Myers
and Muoll 20 MeCollamn, Rask and Becker (3), Massatseh (1), Rose
and Catherwood 03y, and Dee Pourtellotie and Rusk (63, but at variance
with thosze of Sehzeffer eroal (7, v

On the day preceding the killing of the animals complete blood

161
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TIRSUES OF RAT AFTER INGESTION OF ALUMIND M sALT-. SHT
. counts and hemoglobin determinutions were meude on all anineads of the
— aluminum fed group and on three of the control croup.
Text.
— Rat no. Dare HB. per cent Reed oo tls White enlis
. 1 S0 T.630,600 ; 12,100
2 ~NO PR AT i I~ o0
3 110 Qa8 300 i 21,500
Jn_— -
4 95 G,000,000 25,000
5 on ! 4,500,081 { 1,500
Control.
—
6 45 N, 600,000 , HRNTS
7 100 10,000,000 ? C2uen
S 110 4.100,000 ' 13,200
—_—

Two of the aluminum fed rats showed u slichtly low hemoglobin and
red cell count, though this vuriation is still well within the normd limits
set by Donaldson (8, )

— It is to be recalled that these animals were receiving hige dosesof the

' aluminum salt in comparison with the amounts consumed in normal

human intake. DBulletin no. 103 of the United States Departmment of

Agriculture (17) considers 150-200 mg. of aluminum per day a aree

dose for an adult human being, the averace amount consumed by indi-

viduals being from 25-75 mg. per day for the days in which such articles

are conswined.  Dr. E. ¥, Smith has figured this average intake to be

- equal to approximately I mg per day per kilo body weight. It is

possible that this mild anemia and leucocytosix might be explained by
the administration of such excessive amounts of aluminum.

Waltner and Waltner (9), in their work, found that metallic
aluminum brought about a decrease in hemoglobin and red cells;
Mitchell and Miller (10), in their experiments in nutritional anemins
found that salts of aluminum, when added to an anemin-producing
p— . diet, had absolutely no effeet upon the animals. Seibert and Wells

: (11) fed rabbits small doses of aluminum saltx and at the sume time
injected a solution of the same salt into the blood xtream.  They record
definite anemia as the result of their treatment.  The slight decrease of

_—— .
hemoglobin and red bloud cells recorded in two of our animaly, which is
not accompanied by any gross or microscopic pathology, may possibly
be attributed to an acidosis. It is generally coneeded that when feed-
p— ' ing the metallic chlorides in large doses, the acid o is absorbed more
—
—
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p—
rapidly than the basie ion. Thix might give rige to an acidosis and an
avconpativing mild anemia. Ttix conceded that rats are much more

— esistant toacidosiz than rabbits. Another factor which would make

the resultsin the two experiments incomparable is the fact that Seibert
and Wells nede injections of the «alt into the blood stream simultan-

eons with its feedine.
~- Chemical determinations for ivon eontent were made upon the livers
of the test. and of the control animals used in the last experimment.  The
conbined livers of the 6 control animals weighed 38 grams and con-
ained Lt ane, of iron or 481 g iron per 100 gm. of liver.  The com-
hined livers of the 5 aluminum ehloride fod rats weighed 50 grams.
The toral iron content ot the livers of these animals was 2,48 mg. of
ron or LO6 me. iron per 10 erams of liver. Thus a normal content
- : of iron wi= found m the livers of hoth the test and the control animals.
ALeroscopic exanmination of the oraans of these animals including
the eart, Foth funas, spleen, liver, hoth Kidnevs, both adrenals, cardiac
and pylovie portions of the doneeh, both testes and epididymes,

_—
ovaries, paserens, duodenuny, jejunun, execum and colon, presented
no wros< pathologieal changesc Trmay be further stated that the
microscopie examination of these same oruans revesled no changes
- . : which conld be interpreted as pathologic, The ovaries contained
~ ey follicles ool ~tozes of peturity o well as numerous corpora
laten.  Vhe =pleens ol horh the control and aduminum fed animals
— howed s moderate plomentation. Plementation also oceurred in
ather eronps of snitals fedvipoient irelv ditferent diets. None of the
other conditions noted by Seibert and Wells dn their rabbits and attri-
bured by them to the aduninuin <ts appeared in the =pleens of the
- ras s of this series.
. Seetions Trom the eurdine portion of the <tomreh of all rats fed
: . Aluninnin ~adt= appesred normal. Fhe cardiae portion of the stomarh
— oi ot e teod animnl, however, Show e severs] lesions, appearing as
aecrtion= Cne el uleer extende 4 completely thremel the epithe-
Fune Do thee bhase of these nleers the subauneosa was edemntons and
il with oo minre o Tvnnelear lencoes tes, Thronehout the
- Ferainder of The wasrrosintestinal o there were nointlammatory
fesions present. There dicl oeenr, however, <licht changes in the
epithating, whivh were nterpreted as autolvsiss The epithelium in
o Theewee npeses Taibi to stain amd e few instanees <longhed off. This
e not sevomponned by any celema, eoneestion, or cellular exudation,
The voredinion sppeared o oftensin the cotitrol amimals as in those
feal sdurinnn cotponneds el wne al<o naticed in animals upon
- ) entively hitterent evperitental o diers, Autolvtic changes occurred
——
-



TISSTES OF RAT AFTER INGESTION OF ALUMINIDM SALTS, SO

only where the stomach or intestines comtained partdy digested Tood
material.  Animals which had fasted twentv-four hours previous 1o
slaughter seldom showed thix condition.  We therefore fonnd no
lesions in the gastro-infestinal tract which conld be attributed 1o the
presence of aluminum. AeCollum, Rask and Becker (125 feel that
this should be the case, as they state that aluminum componneds o net
form a union with the gastro-intestinal mucons membrane,  These
findings are substantiated by Dee Tourtellotte and Bask in rats fed
0.6 per cent aluminum chioride.  These animals appeared healthy,
normal in size, reproduction, weneral appearanee and in the eross
appearance of the livers, spleens; hearts, and kidnevs,  Conelusions
based upon the foregoing observations do not support those of Schaetfer
and his co-workers (13-7), who feel that the presence of aliminum
chloride in the stomach might give rize to castric and duodens] uliers
even in as small amounts ax would be present from the daily use of
~aluminum-contuining baking powders, and wha deseribe (Ti very
definite inflammatory lesions in the wastro-intestired mneous mem-
brane of both mice and dogs.  Ceriotti (151 in general aerees with
Schaeffer in that aluminum chloride i< not precipitated by the alkaline
pancreatic juice and states that dogs fed o brewd containing aluminum
~show slowing up of gastric evacuation with an accompanying irritation
of the gastric mucosa. He also suguestx that aluminun chloride
formed in the stomach may be responsible for eastrie ulcers in human
beings.

The German Health Bureau (16) fed ‘dogs laree quantities of
aluminum hydroxide (corresponding to 1000 my. of aluminum oxide
daily over a period of twelve months.  There wus no change in the
condition, appetite or body weight; neither were theré any chances
macroscopically or microscopically in the organs.  This same experi-
ment was conducted on humans without any apparent detriment to
health or well-being.  Neither was there any evidence that the alum-
inum was absorbed into the tissues or blood stream.  Therefore these
investigators conclude that the ingestion of faree smounts of aluminum
hydroxide has no ill effects upon the human orgunism.

Conclusions.

The conclusions reached in this study are hased upon the findines
in 80 test and 22 control animals which had received varving amounts
of alaminuim salts up to 3.6 per cent of Teed by weighi,

The protracted ingestion of aluminnm =alts in concentrations as
high as 3.6 per cent has no deleterious effeet upon the wrowth, reprodue-
tion, or blood picture of the while rat,

161
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Livers of the animals examined contained a normal amount of iron.

There was no evidence of eross or microxcopie patholoegy in the
organs examined which could be attribuied 1o the ingestion of alum-
innm salt=. Antolytic changes in the stomach and intestine oceurred
only where they contained partly digested food material,  Animals
which had fasted “twenty-four hours previous to slaughter seldom
showed this condition.  We therefore found no lesions in the gastro-
intestinal traet which can be attributed to the presence of aluminum.

We are indebted to Dr. J. F. Lyman of the Department of Agricul-
tural Chemistry of the Ohio State University for the determinations of
iron in the livers of these animuls,
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 Dpdustrial B1O -TEST Laloralories, Jnc.

~~
REPORT TO
B STAUFFER CHEMICAL COMPANY
- 90-DAY SUBACUTE ORAL TOXICITY STUDY WITH
KASAL

: IN ALBINO RATS
| JUNE 28, 1972
- | ‘ IBT NO. B747
- 1. Introduction
— o~ A sample identified as Kasal was received from the Stauffer Chemical

. | Company for the I;urpose of conducting a 90-day subacute oral toxicity study
- using albino rats as test animals. The following repcrt presents the results
— of this investigation.

N
A
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~II. Summary

A 90-day subacute oral toxicity study was conducted with groups
of albino rats fec.l Kasal at dietary levels of 0.3, 1.0 and 3.0 percent.
Results obtained from microscopic examination of tissues and organs
disclosed microconcretions in the renal tubules of the fem.ale rats from
all three test groups. These concx;etions are believed to be related to the
test material since t'hey are absent in the éontrol animals ‘and since the
incidence and severity of this ﬁhding appear to be dose related. No

abnormalities were observed in any of the following parameters:

Body Weight Gains ‘ Clinical Blood Chemistry Studies
Food Consumption Urine Analyses '

Hematologic Studies - Gross Pathologic Studies
. Organ Weights and Ratios

Respectfully submitted,
INDUSTRIAL BIO-TEST LABORATORIES, INC.
Report prepared by: i kA\)LD % %Vvé’g\

‘ Philip S| Smith, B.S.

. Assistant Toxicologist
' Rat Toxicity

Report approved by:
B. Plank
Sehiok Group Leader
Rat Toxicity

APy

Paul L. Wright, £h.D.
Section Head, Toxicology

= P aéw,g

M. L hephngez/ Ph.D
Manager, Toxicology
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Dudustriodl BVO-TEST Laboratories, Jnc.

II1. Procedure '

A. Experimental Animals

3 166

The animals employed in the study were Charles River strain*

albino rats. One ‘hundred and twenty rats (60 males and 60 females)

were selected for the experiment and housed individually in standard,

wire-bottomed steel rat cages.

Each cage bore a color-coded card

identifying the animal with respect to project number, dietary level

assignment, individual animal number and sex.

B.. Organization of Groups

A structural outline of the experiment is shown in Table I.

TABLE I

TEST MATERIAL:

90-Day Subacute Oral Toxicity Study - Albino Rats

Outline of Experiment

Number of Animals

Dietary Level

Grou‘p | ) Males Females (p-ercent.)
Control 15 15 None Administered
T-1 | 15 15 0.3

T-11 - 15 15 1.0

T-111 | 15 15 3.0

% Charles River Breedin_g Laboratories, Inc., North Wilmington, Mass
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] : C. Body Weights
— X
Each animal used in the study was weighed on the first day of
— the test and at weekly intervals thereafter. The weights were recorded
and served as an index to growth. Weight gains were computed at the
conclusion of the 90-day test period and the data subjected to statistical
- analyses.
D. Food Consumption and Diet Preparation
Food consumption data were collected individually for five rats
o~ of each sex in every group weekly during the study and the data recorded.
The diet for any given group was prepared by blending the
— ,
appropriate amount of Kasal with standard rat ration in a Hobart Mixer.
. 0 .
Fresh diets were prepared each week. Each rat was offered
S an amount of diet sufficient for one weeks' ad libitum feeding. However,
F — Temm———— -
checks were made periodically to ensure that the food jars were not empty.
F : .
E. Mortality and Reactions
— Abnormal reactions and deaths were recorded daily during the
investigation.
F. Hematologic, Clinical Blood Chemistry Studies
and Urine Analyses
. .
Blood and urine samples collected individually from ten rats
-— of each sex from both the control and T-III groups after 45 and 84
days of feeding were analyzed for the following:
—~
T
i
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1. Hematologic Studies

. Hematocrit Value
Erythrocyte Count
Hemoglobin Concentration
Total Leukocyte Count
Differential Leukocyte Count

IR

2. Clinical Blood Chemistry Studies

a. Blood Urea Nitrogen (BUN) Concentration

b. Serum Alkaline Phosphatase (SAP) Activity

c¢. Serum Glutamic-Pyruvic Transaminase (SGPT) Activity
d. Fasted Blood Glucose Concentration

3. Urine Analyses

. Glucose Concentration

Albumin Concentration
Microscopic Elements Examination
pH |

Specific Gravity

[ = PR L B = i

G. Pathologi€ Studies

| Following 90 da;(s of feeding, all surviving rats were sacri-
ficed by carbon dioxide asphyxiation and autopsied. Animals which

died: during the study were examined grossly unless examination was

. precluded by postmortem autolysis. At the time of gross examination

a complete set of organs and other tissues was removed from each rat

~and i)reserved in formalin solution. Also at autopsy the weights of the

liver, kidneys, spleen, gonads, heart and brain of each rat were deter-
mined and recorded.

Microscopic examination of tissues taken from ten rats of each
sex from both the' control and T-III groups was conducted. The following

tissues, stained with Hematoxylin-Eosin, were included: esophagus,
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-~~~ stomach (cardia, fundus and pylorus), small intestine (duodenum, jejunum
- and ileum), cecum, colon, liver, kidneys, spleen, pancreas, urinary
- bladder, pituitary glar;d, adrenal gland, testes, seminal vesicle, ovary,
bone mafrow, thyfoid gland, parathyroid gland, salivary gland, prostate
B gland, heart, aorta, lung, lymph node (cervical and mesenteric), skeletal
- muscle, peripheral nerve, bone (femur), spinal cord, uterus, trachea, eye,
optic nerve and brain (cerebrum, cerebellum and pons).
- H. Organ Weights, Organ to Body Weight and
‘Organ to Brain Weight Ratios
—
Statistical analyses were conducted upon the absolute organ
-~ weights and their corresponding ratios to the weight‘of ;the body and
— .brain. An Analysis of Variance was conducted first and any significant
-~ ,

effects disclosed by that treatment were further studied by "t"-tests.
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- .

IV. Resulis

A. Body Weights

Bodvaeight data collected during the 90-day test period are
summarized in Table II. Also included in the table are 90-day average
total weight gains.

Statistical comparisons of final body weights and total weight

gains revealed no significant differences between test and control rats.

166



- TABLE 11
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Albino Rats
Body Weight and Total Weight Gain Data

Summary of Mean Values

Body Weight

Total Weight

o vy 1S3 L-019 TPy

Dietary. (grams)

Level Week: ' Gain
(percent) Sex 0 1 2 3 4 5 6 7 8 9 10 11 <12 13 (grams/rat)
Control M 185 242 298 349 361 391 417 437 458 481 515 518 521 522 337

F 150 185 211 232 245 253 260 275 281 291 304 301 318 331 181
0.3 M 187 244 300 347 376 . 408 445 469 482 501 524 524 535 546 359
F 149 190 214 234 245 260 274 280 289 297 307 299 318 330 181
1.0 M 185 247 310 353 | 382 411 442 464 474 499 524 527 542 558 373
F 147 176 201 220 231 239 252 260 265 272 294 284 288 291 144
3.0 M 185 235 287 343 372 406 428 451 467 493 513 521 533 545 360
F 150 176 210 227 233 251 260 263 271 277 285 284 291 300 150

—
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— B. Food Consumption

- Food consumption data collected during the 90-day test period

are summarized in Table III.

Test rats ate amounts of food comparable to that consumed by

control rats.

166



oy rrgEery 1S3L-01g prrarepey =

LR S } ) ) ) Yoo ) ) ] Y -
TABLE III
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Albino Rats
' Food Consumption Data
Summary of Mean Values
: Food Consumption
Dietary (grams/rat/seven days) Total Food
Level A Week: Censumption
(percent)  Sex 1 2 3 4 5 6 7 8 9 10" 11 12 13 (grams/rat)
Control M 154 148 169 163 191 204 124 206 185 201 186 191 174 2296
F 108 117 125 117 147 149 97 148 160 128 117 127 165 1705
0.3 M 148 152 154 180" 180 200 141 191 188 182 120 182 176 2194
F 147 107 119 140 135 144 91 115 130 131 113 138 145 1655
1.0 M 143 139 148 200 139 185 141 183 174 164 181 203 181 2181
F 102 112 101 162 101 143 101 134 121 124 115 132 137 1585
3.0 M 116 - 175 161 223 164 214 142 192 194 192 133 182 165 2253
' F 104 104 105 166 113 139 87 162123 119 117 133 152 1624

0t
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: —_ C. Mortality and Reactions
{ ’
- ' Three deaths occurred during the study. One of these deaths
was ascribed to an acute respiratory infection, while the other two
—
resulted from trauma incurred during the collection of blcod samples.
- : No untoward behavioral reactions were noted among any of the
animals employed in the study.
D. Hematologic Studies
~- The results of the hematologic studies conducted on blood safnples
taken from ten rats of each sex in the control and T-II groups after 45
-~ . .
and 84 days of feeding are summarized in Tables IV and V.
- No. outstandihg differences between test and control rats were
. noted with respect to any of the parameters investigated.
f\‘
~
e
F Y
~
I~
-~
Y
L
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- TABLE IV
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Albino Rats
Hematologic Data
Summary of Mean Values
‘ Tetal Leukocyte Count Erythrocyte Count Hemoglobin Concentration Hematocrit Value
Dietary (thousands/mm?’) (millions/mm3) ’ (g/100 ml)
Level Day: Day: Day:
(percent)  Sex 45 84 45 84 : 45 84 45 84
Control M 17.1 15.9 7,72 8.08 15.7 15.9 . 39.3 40.5
F 14.7 9.9 7.70 7.52 15.5 15.7 38.4 37.9
3.0 M 15.7 16.0 7.83 7.98 15.7 15.7 39.1 39.6
F 15.2 - .9.4 7.62 7.59 15.5 15.8 38.8 39.2

'

ong ‘vereppvepey L S3L-0L 8 7FEPY

21
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TABLE Vv
- TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study'-, Albino Rats
Hematologic Data
Summary of Mean Values
Differential L.eukocyte Count (Number of Cells per Hundred) .
Dietary Lymphocytes Neutrophils Monocytes Eosinophils Basophils
- Level Day: Day: Day: Day: Day:
~ (percent) Sex 45 84 45 84 45 84 45 84 45 84
Control M 90.6 86.7 8.6 11.1 0.8 1.7 0.0 0.5 0.0 0.0
F 83.2 85.5 15.2 12.6 0.8 1.0 0.8 0.9 0.0 0.0
3.0 M 87.6 84.1 10.6 12.8 1.2 2.0 0.6 1.1 0.0 0.0
: F 88.4 86.6 9.4 11.3 1.8 1.3 0.4 0.8 0.0 0.0

—

My RGOy 1S3 L-019 TPy

€1
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-
( -0 E. Clinical Blood Chemistry Studies

The results of the clinical chemistry studies conducted on blood
samples obtained from ten rats of each sex in the control and T-III groups
after 45 and 84 days of feeding are summarized in Tables VI and VII.

Values for test rats were not different from those of control rats.

’
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TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study; - Albino Rats
Clinical Blood Chemistry Data

Summary of Mean Values

owy ‘veropeopry 1S3 L0118 P

Serum Alkaline Phosphatase Serum Glutamic-Pyruvic
' : Activity Transaminase Activity
Dietary : (King-Armstrong Units) (Dade Units)
Level ' Day: - ' ' Day:

(percent) Sex 45 84 . 45 84
Contral M 31 24 30 : 27
F 20 12 24 28
3.0 M 30 19 24 27
F 18 17 24 - 25

ST
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TABLE VII
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study = Albino Rats
Clinical Blood ‘Chemistry Data

. Summary of Mean Values

Blood Urea Nitrogen

'~ Fasted Blood Glucose

oMy PRy 1 SR L= Q1Y IRy

: Concentration Concentration
Dietary (mgs %) (mgs %)
" Level ‘ Day: Day:
(percent) Sex 45 84 45 84
Control M 16 15 129 141
F 17 14 130 137
3.0 M 17 15 150 131
F 143 128

19 16

91
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F. Urine Analyses
The results of the periodic examinations of urine specimens collected
from ten rats of each sex in the control and T-III groups after 45 and 84
days of feeding are summarized in Table VIII.
No significant differences between the urine of the test rats and ‘

control rats were observed.
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TABLE VIII
- TEST MATERIAL: Kasal
90~Day Subacute Oral Toxicity Study - Albino Rats
Urine Analysis Data
Summary of Mean Values
4 Microscopic : Specific
Dietary Glucose Albumin Elements pH Gravity
- Level ' Day: Day: Day: Day: Day:
" (percent)  Sex 45 84 45 84 45 84 45 84 45 84
Control M n n St n .+l +2 7.0 6.8 1.025 1.039
F n n . n +2 +1 7.8 6.8 1.027 1.036
3.0 M 'n  n n t +1 t 7.0 7.4 1.030  1.043
: _F n n : n n +1 +1 6.8 7.0 1.025 1.030

Glucose and Albumin

n

t
+1
+2
+3
+4

negative

[E I | IR N I T B[

Microscopic Elements

N = normal

¢
+1 = slight amounts
+2 =

+3 = large amounts

+4 = cxtreme amounts

moderate amounts

trace; less than 30 mg/100 ml urine
30 to 100 mg/100 ml urine

100 to 300 mg/100 ml urine

300 to 500 mg/100 ml urine

more than 500 mg/100 ml urine

minimal or trace amounts

oy rpeyry LS3AL-018 7PTpg

81
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G. Pathologic Studies

1. Gross Pathologic Findings

No outstanding differences were noted between test and control
rats upoﬁ gross pathological examination.

2. Organ Weight and Organ to Body and
Organ to Brain Weight Ratio Data

. The results of the staﬁstical analyses' conducted on absolute
organ weights, organ to body weight and organ to brain weight ratios
are summarized in Tables IX through XIV,
Signiﬁcant differences between a test group and the control group
are designated by asterisks following the test values.
The number of statistically significant intergroup differences

which were noted was considered to be normal for a random population of

" albino rats. The lack of any consistent dose or sex related response and the

absence of any deleterious histopathologic changes further substantiate that

none of the intergroup differences were related to the ingestion of Kasal.
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DIETARY
LEVEL .
(PER CENT)

— e D N . - O\ . W W S

N ™

TABLE 11X

TEST MATERIAL - KASAL

90~-DAY SUBACUTE ORAL TOXICITY STUDY
. ,

ORGAN

ALBINO RATS.

WEIGHT AND RATIO ODATA

SUMMARY OF MEAN VALUES

ORGAN WEIGHT

ORGAN - LIVER

——— e S G S Geé weP G A M e WV W W VI Gus Gas Saw s AR M e WL S SN G A G ML G W MR G S e S S G WS

CRGAN/BQODY WEIGHT RATIO

e e e e e 2 23 o . e S 2 2 2 e o e S T e AR S e o S0 o R o S S S A S S S e e S e

{GM)

MALES : FEMALES
18.14C 10.064
20.853% 11.633%
19.413 9.325
18.462 9.485

(GM/100 GM) |
MALES - FEMALES
3.4790 3.2526
3.8236 3.8286%*
3.4787 3.2024
3.3903 3.1562

8.8872
9.8207
9.2459

8.8323

5.0896

6+24GT%%

4.8121

4.8732

- -~

_—_-__-_~_—--.---—-———————-—_——————.———.—.—————-—-—-.——————«--—-.———————-—.--.-—-——————---—._...._-—-c-.—c——-—.-—————-—-—-———

* STATISTICALLY SIGNIFICANT DIFFERENCE AT
x% STATISTICALLY SIGNIFICANT DIFFERENCE ‘AT THE $9 PERCENT CONFIDENCE LEVEL.

THE 95 PERCENT CONFIDENCE LEVEL.

oug rorpropy 1 S3L-0149

']”% .
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DIETARY
LEVEL
(PER CENT)

TABLE X

TEST MATERIAL =

KASAL

90-DAY SUBACUTE ORAL TOXICITY STUDY
|

ALBINO RATS

ORGAN WEIGHT AND RATIO DATA

SUMMARY 0OF MEAN VALUES

vy rerepriopry 1S3 L0 g 7oy

ORGAN/BRAIN WEIGHT RATIC

{GM/GM)
FEMALES

O S S T T T TR T T S 4% TS M S M TR TR MO M G e ML S A G e e e e St AN T G M L e MR e A MV W ok v e 208 e e uh S . —— — — . - . AT " W " " S Se o e = —— - et - o - — - ———— -

* STATISTICALLY SIGNIFICANT DIFFERENCE AT THE 95 PERCENT CONFIDENCE LEVEL.
#% STATISTICALLY SIGNIFICANT DIFFERENCE AT THE 99 PERCENT CONFIDENCE LEVEL.

ORGAN - KIDNEYS
CRGAN WEIGHT . ORGAN/BODY WEIGHT RATIO
(GM) . (GM/100 GM)

MALES FEMALES MALES FEMALES
3,666 2.117 ~ 0.7019 ‘0.6798
3,755 2.184 0.6899 0.7212
3.937 1.993 . 0.7082 0.6865
3.971 : 2.375 0.7308 0.7916%%

1.8015
1.7692

1.8755

1.0695
1.1753
1.0274

1.2197%
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TABLE XI
TEST MATERIAL - KASAL
9C~DAY SUBACUTE ORAL‘TDXICITY'STUDY

ALBINO RATS .

ORGAN WEIGHT AND RATIO DATA

SUMMARY OF MEAN VALUES

ORGAN - SPLEEN

DIETARY CRGAN WEIGH QRGAN/BODY WEIGHT RATIC ORGAN/BRAIN WEIGHT RATIO
LEVEL (GH) (GM/100 GM) (GM/GM) |

(PER CENT) MALES © FEMALES MALES - FEMALES MALES  FEMALES
NONE 0.93¢6 0.618 0.1805 0.2031 . 0.4599 0.3087

0.3 - 0.814 0.589 . 0.1504 0.1943 0.3845 0.3173

1.0 0.887 0.524 0.1604 0.1808 0.4230 0.2701

3.0 ~ 1.004 0.660 0.1849 0.2186 0.4843 043419

—— i . ——— - ————— ——_— — - —— S S S W WS - T P W T M W P T G D S S S AR S S N M AP NS s D AV P Ae G S S T R W SN G G G G WU D D G TS T MR TAG T Sws S W WD WY VIR G D D GmY M W S G S G WS S S = —

O STATISTICALLY SIGNIFICANT TREATMENT EFFECTS FOUND.

-

o roreperny LS 3 L-0LE [P

¢
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TABLE X11
TEST MATERIAL = KASAL
90-DAY SUBACUTE ORAL TOXICITY STUDY

ALBING RATS

ORGAN WEIGHT AND RATIO DATA
SUMMARY OF MEAN VALUES

ORGAN - GONADS

DIETARY " CRGAN WEIGHT ORGAN/BODY WEIGHT RATIO . ORGAN/BRAIN WEIGHT RATIO
LEVEL (GM) . (GM/100 GM) . {GM/GM)

(PER CENT) MALES FEMALES MALES FEMALES . MALES FEMALES
NONE 3.611 0.077 0.6924 0.0253 1.7724 0.0392
0.3 3,607 0.100 0.6654 0.0332 1.7009 0.0542
1.0 3.527 0.089  0.6355 0.0309  1.6773 0.0465
3.0 3.487 ' 0.080 0.6414 0.0269 1.6662 0.0418

~—~——_’————_—-—.---.-____—_————-—-—.—.————.’———————————.—-.-————-——_——_——-—.———---———————-.-——~—~~————--~-——_—_——~-—

NO STATISTICALLY SIGNIFICANT TREATMENT EFFECTS FOUNDC.

oy seegropsy 1S3 L- 018 1Py

1 X4
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TABLE Xt11
TEST MATERIAL - KASAL
30-DAY SUBACUTE ORAL TOXICITY STUDY

1
ALBING RATS

ORGAN WEIGHT AND RATIO DATA

SUMMARY QOF MEAN VALUES

Tongt

oup ‘erepvorny 1S3 L 018 1P

ORGAN = HEART

DIETARY CRGAN WEIGHT - _ ORGAN/BCDY WEIGHT RATIO CRGAN/BRAIN WEIGHT RATIO
LEVEL (GM) ) (GM/100 GM) (GM/GM) '

(PER CENT) MALES FEMALES MALES FEMALES MALES FEMALES
NONE 1.€13 1.078 0.3095 0.3484 C.7937 0.5447
0.3 1.801% 1.083 0.3311 0.3581 0.8500 0.5829
1.0 1.785%x% 1.023 0.3217 . 0.3531 C.8498 0.5276
3.0 1.777% 1.081 0.3269 0.3605 0.8478 0.5558

| ——— a " ——— T D S W = > T o W W s T S W v v Y G W e T W e e W A et M PR M e (S S TR WP S S G - e e AP T S N GV N G G e e A e Chp G M A G A S D WD WD WP G e S R e S R R A S WY Yer T A e R G A R e

* STATISTICALLY SIGNIFICANT DIFFERENCE AT THE 95 PERCENT CONFIDENCE LEVEL.
% STATISTICALLY SIGNIFICANT DIFFERENCE AT THE 99 PERCENT CONFIDENCE LEVEL.

1 44
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3. Histopathologic Findings

Histopathologic examination of tiésues and organs taken from
ten rats of each sex in both the control and T-III groups was conducted.
Microscopic examination of sections of kidneys taken from ten rats of each
sex from the T-II group and from all female rats from the T-I group was

also conducted.

Tables XV through XVIII list all histopathologic changes noted.
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IBT No. B747
—_

Stauffer Chemical Company

I have completed a histopathologic evaluation of a series of rat
tissues from IBT No. B747. There are microconcretions present in the
renal. tubules of the female rats from all three dc;se levels. These concretions
are located in the tubules at the corticomedullary junction and they consist

.

of an amorphous material which shattered on sectioning. They are blue in
color and are probat.ﬂy calcified. These concretions are believed to be re-
lated to the test material since they are absent in the control animals and
since the incidence and severity of this finding appear to be dose related.

The other lesions observed are those of spontaneous disease and they

are not unusual for the albino rat.

~

Ward R. Richter, D.V.M., M.S.
Diplomate, American College of
Veterinary Pathologists




R S R B 1 I R )) | S ) )
. TABLE XV
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Albino Rats
Histopathologic Changes
Group: Control
Number of , | Average
Animals Organ Examined ' Findings Incidence Grade
10 Males . Trachea Chronic tracheitis 6 1.0
Lung - Chronic murine pneumonia 3 1.0
Colon Parasites 1 1.0
Kidney : Focal lymphoid infiltration 3 1.0
Urinary bladder Mucoid plug 6 1.0
10 Females Lung Chronic murine pneumonia 1 1.0
Colon Parasites 1 1.0

All other tissues and organs,

Grading System

0.5 = minimal
1.0 = slight
2.0 = mild

3.0 = moderate
4.0 = severe
5.0 = extreme

as listed on pages 5 and 6, were normal histologically.

of PenEopoy 1 §31-018 rpy
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- TABLE XVI
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Albino Rats

Histopathologit Changes

. Group: T-I (0.3%)

Number of
Animals

Organ Examined Findings

Incidence

Average
Grade

15 Females

Kidney Microconcretions
Chronic nephritis
Focal lymphoid infiltration

[V

= N O

O o wm

ouy ‘verepovopsy 163 1-0OL] 1PIFL

Grading System

0.5 = minimal
1.0 = slight.
2.0 = mild

3.0 = moderate
4.0 = severe
5.0 = extreme

62
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TAB,;LEIl XVII -
’TEST MATERIAL: Kasal
90-Day S’ub;acute Oral Toxicity Study - Albino Ra;cs
Histopathologic Changes

1
Group: T-II (1.0%)

-——
—
—
—
!
———
—

Number of Average
Animals Organ Examined ' Findings Incidence Grade
10 Males Kidney - ‘ Tubular nephrosis 1 1.0
Chronic nephritis 1 1.0
10 Females Kidney ) Microconcretions 3 2.0
Chronic nephritis 2 1.0

Grading System

= minimal
= slight

= mild

= moderate
= severe

= extreme

Ul da L2 DN = D
OO O O oW

0¢

oup ‘rereperey L SAL-OL] [P
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- TABLE XVIiI
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Albino Rats
Histopathologit Changes:
Group: T-II (3.0%)
Number’ of Average
Animals Organ Examined Findings Incidence Grade
10 Males «  Trachea Chronic tracheitis 2 1.0
Lung ~ Chronic murine pneumonia 2 1.0
Kidney Focal interstitial nephritis 2 1.0
Urinary bladder Mucoid plug 3 1.0
Brain : Focal encephalitis (nosematosis) 1 1.0
10 Females Trachea Chronic trach’eiﬁs 4 1.0
Lung Chronic murine pneumonia 1 1.0
Kidney Micronconcretions 8 2.0
Focal lymphoid infiltration 1 1.0

All other tissues and organs,

Grading System

minimal
slight
mild -
moderate
= severe

= extreme

O o o ;o
i u

i

Ul o W N~ O

oo

as listed on pages 5 and 6, were normal histologically.

oy soropriopoy 1S3 L-018 7Py
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REPORT TO
STAUFFER CHEMICAL COMPANY
90-DAY SUBACUTE ORAL TOXICITY STUDY WITH
: , LEVAIR
IN ALBINO. RATS
JUNE 28, 1972

IBT NO. B747

I. Introduction

A sarﬁple identified as Levair was received from the Stauffer Chemical
COmpaﬁy for the purpose of conducting a 90-day subacute oral toxicity study
usiné albino rat§ as test animals. The following report presents the results

of this inves tigation.
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- II. Summary
Famn

A 90-day subacute oral toxicity study was conducted with groups

of albino rats fed Levair at dietary levels of 0.3, 1.0 and 3.0 percent.
B Results obtained from microscopic examination of tissues and organs
— disclosed microconcretions in the renal tubules of the female rats from
all three test groups. These concretions are believed to be related to the
test material since they are absent in the control animals and since the
- incidence and severity of this finding appear to be dose related. No
abnormalities were observed in any of the following parameters:
Body Weight Gains ~ Clinical Blood Chemistry Studies
Food Consumption Urine Analyses _
an . Hematologic Studies : . Gross Pathologic Studies
Organ Weights and Ratios
- : . | Respectfully submitted,
. INDUSTRIAL BIO-TEST LABORATORIES, INC
—
, Report prepared by: ! % %D&é&
- Philip s.i Smith, B.S.
. ' Assistant Toxicologist
_ ' Rat Toxicity

- - Report approved by: ywv}w

s B. Plank
Senior Group Leader
Rat Toxicity

_ .

Paul L./ W¥ight, Phy/D.
Section Head, Toxicology

— 7‘3/

- M L Keplinger,#Ph.D.
Manager, Toxicology
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Industricl Chenlcal Division

CCRTIPICATE OF ANALYSIS

- LEVAIR, S
' Haterial SODIWM ALINTWUIM PHOSPHATE, ACIDIC, POWD.Date 9-29-71

Identification SAMPLE REPREISE!NTING 22 BAGS OF LEVAIR CODED 3-22-DCr-!

PREPARED FOR NWINETY-DAY FEEDING STUDIES. L
ANALYSIS: : ' | wee
Tssay, % NaALl3H14(PO4)8.4H20 ' 99.9 ' gﬁ?%%%%;
& 10T ) , 19.5 - 19.5 - 21.0
A Free Aciad _ 0.2 : .
'Veutraiizing Value | _ 100 100 l4in.
Arsenic, PP A o 0.1 B | o 3 Max.
}luoridc, PPM T ‘ - 10 o | ‘f25 Hax,
-“‘\j méta1s, PPM (a5 Pb) ‘ £30 . - 77 ho Hax.
(7 ad, PRM Pb o 0.1 10 M.
'éarticle Size |

"~ . ¢ 0n 100" 1.5 -
% On 140 5.1 -—-

—— '

THIS MATERIAL CCHPLIES WITH FOOD CHEMICALS CODEX SPECITICATMIONS.

p—

‘Svorn and subsceribed to before me this
. 29th day of Septembsr, 1§71,
—~ .

— : .
° :3 /"/’ o :
»_hlfi:;£Zliloa-rv P SO
Holonh Horphy —;7

.-_-. /

I Cormniinion Dixpires 10-31.-71.
o
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— III. Procedure
,.L A. Exﬁérimental Animals

The animals employed in the study were Charles River strain*

- albino rats. One hundre»cll and twenty rats (60 males and 60 females)

—~ were selected for the experiment and housed individually in standard,
wire-bottomed steel rat cages. Each cage bore a colior-coded cafd
identifying the.animal with respect to project number, dietary levell

- assignment, individual animal number and sex.

-B. Organization of Groups
A structural outline of the experiment is shown in Table I.
TABLE 1
- - TEST MATERIAL: Levair
P_\- 90-Day Subacute Oral Toxicity Study - Albino Rats
Outline of Experiment

- . Number of Animals | . Dietary Level
Group ' Males Females (percent)

- ~ Control. : 15 15 None Administered

- T-1 : 15 15 0.3

» Tnﬁ - 15 15 1.0

— _ :

T-1I1 15 15 3.0
S~
.

* Charles River Breeding Laboratories, Inc., North Wilmington, Mass.
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C. Body Weights

Each animal used in the study was weighed on the first day of
the test and at weekly intervals thereafter. The weights were recorded
and served as an index to growth. Weight gains were computed at the
conclusion of the 90-dayl test perio‘d and the data subjected to statistical
analyses.

D. Food Consumption and Diet Preparation

Food consumption data were collected individuallir for five rats
of each sex in every group weekly during the study and the data recorded.
The diet for any given group was prepared by blending the
appropriate amount of Levair with standard rat ration in a Hobart Mixer.
Fresh diets were prepared each week'._ Each rat was offered
an amount of diet sufficient for one weeks' ad libitum feeding. However ,-
checks were made periédically to ensure that the. food jars were ndt empty.

E. Mortality and Reactions

. Abnormal reactions and deaths were recorded daily during the

investigation.

- F. Hematologic, Clinical Blood Chemistry Studies
and Urine Analyses

Blood and urine samples collected individually from ten rats
of each sex from both the control and T-IIl groups after 45 and 84

days of feeding were analyzed for the following:
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1. Hematologic Studies
—~
{
: a. Hematocrit Value
b. Erythrocyte Count
¢. Hemoglobin Concentration
— d. Total Leukocyte Count
e. Differential Leukocyte Count
— 2. Clinical Blood Chemistry Studies
a. Blood Urea Nitrogen (BUN) Concentration
— b. Serum Alkaline Phosphatase (SAP) Activity
¢. Serum Glutamic-Pyruvic Transaminase (SGPT) Activity
d. Fasted Blood Glucose Concentration
3. Urine Analyses
— a. Glucose Concentration
b. Albumin Concentration
¢. Microscopic Elements Examination
e. Specific Gravity
—_— G. Pathologic Studies
' Following 90 days of feeding, all surviving rats were sacri-
p— .
ficed by carbon dioxide asphyxiation and autopsied. Animals which
- died during the study were examined grossly unless examination was
- precludéd by postmortem autolysis. At the time of gross examination
a complete set of organs and other tissues was removed from each rat
- and preserved in formalin solution. Also at autopsy the weights of the
- liver, kidneys, spleen, gonads, heart and brain of each rat were deter-
mined and recorded.
~ .
Microscopic examination of tissues taken from ten rats of each
—~ sex from both the control and T-III groups was conducted. The following
i tissues, stained with Hematoxylin-Eosin, were included: esophagus,
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( ™ stomach (caréia, fundus and pylorus), small intestine (duodenum, jejunum
B and ileum),‘b cecum, colon, liver, kidneys, spleen, pancreas, urinary
o bladder, pituitary gland, adrenal gland, testes, seminal vesicle, ovary,
bone marrow, thyroid gland, 'parathyfoid gland, salivary gland, prostate
- gland, heart, aorta, lung, lymph node (cervical and mesenteric), skeletal
— muscle, peripheral nerve, bone (fc:mur), spinal cord, uterus, trachea, eye,
optic nerve and brain (cerebrum, cerebellum and pons).
a H. OrgLan Weights, Organ to Body We1ght and
Organ to Brain Weight Ratios
Statistical analyses were conducted upon the absolute organ
~ weights and their corresponding ratios to the weight of the body and
ey br'ain. An Analysis of Variance was conducted first and any significant

- effects disclosed by that treatment were further studied by "t"-tests.
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IV. Results

A. Body Weights

Body weight data collected during the 90-day test period are
summarized in Table II. Also included in the table are 90-day average
total weight gains.

Statistical comparisons of final body weights and total weight

gains revealed no significant differences between test and control rats.
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TABLE IT
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Albino Rats
\
Body Weight and Total Weight Gain Data -
Summary of Mean Values
Body Weight
Dietary (grams) Total Weight
Level Week:- Gain
(percent) Sex 0 1 2 3 4 5 6 7 8 9 10 1_1 12 13 (grams/rat)
Control M 185 242 298 349 361 391 417 437 458 481 515 518 521 522 337
F 150 185 211 232 245 .253 260 275 281 291 304 301 318 331 181
0.3 M 187 237 295 339 366 394- 412 435 450 474 504 509 520 527 340
F 149 192 215 234 245 259 271 281 287 294 306 310 311 315 166
1.0 M 186 234 285 334 371 398 424 447 458 487 509 518 533 541 355
. F 148 193 210 233 241 252 262 273 279 288 298 296 303 310 162
3.0 . M 185 239 299 359 381 413 436 458 444 500 524 524 529 538 353
F 149 182 204 227 243 253 267 271 281 288 294 294 307 316 167

L91
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. B. Food Consumption

Food consumption data collected during the 90-day test period

are summarized in Table 111,

Test rats ate amounts of food comparable to that consumed by

control rats.
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‘ TABLE IIY
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study -~ Albino Rats
Food Consumivtion Data
Summary of Mean Values
Food Consumption
Dietary (grams/rat/seven days) Total Food
Level ~ _ , _ Week: Consumption
(percent)  Sex 1 2 3 4 5 6 7 8 9 10 11 12 13 (grams/rat)
Control M 154 148 169 163 191 204 124 206 185 201 186 191 174 2296
F 108 117 125 117 147 149 97 148 160 128 117 127 165 1705 .
0.3 M 153 139 173 169 175 210 124 193 170 191 183 184 174 2238
F 116 123 119 129 186 153 96 142 125 123 132 124 123 1691
1.0 M 153 141 166 152 189 193 109 187 174 177 191 181 195 2208
' F 132 121 110 116 132 141 68 136 128 133 142 136 150 1645
3.0 M 168 166 186 184 201 201 134 202 195 201 188 209 167 2402
F 113 120 128 118 138 143 80 130 115 114 105 123 123 1550

oup veneppey LSAL-0NE T -

0t
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C. Mortality and Reactions

Four deaths occurred during the study. All of these deaths re-
sulted from trauma incurred during the collection of blood samples.

No untoward behavioral reactions were noted among any of the
animals employed in the study.

D. Hematologic Studies

The results of the hematologic studies conducted on biood samples
taken from ten rats of each sex in the control and T-III groups after 45
and 84 days of feeding are summarized in Tables IV and V.

No outstanding differences between test and contrpl rats were noted

with respect to any of the parameters investigated.

a2
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- TABLE IV
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Stgdy - Albino Rats
Herﬁatolbgic Data

Summary of Mean Values

~ Total Leukocyte Count Erythrocyte Count Hemoglobin Concentration Hematocrit Value

Dietary ' (thousa_nds/mm3) (millions/mm?3) (g/100 ml) _ _ (%)
Level Day: Day: Day: Day:
(percent)  Sex 45 84 45 84 45 84 45 84
Control M 17.1 15.9 7.72 8.08 15.7 15.9 39.3 40.5
F 14.7 9.9 7.70 7.52 15.5 15.7 38.4 37.9
3.0 M 15.0 13.4 7.60 8.05 15.6 15.8 38.8 40.1
F 13.8 8.6 7.30 7.46 T 15.2 15.6 37.6 38.3

oup ‘oo L G301 PP
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TABLE V
- TEST MATERIAL: Levair
90-Day Subacute Oral Toxicify Study - Albino Rats
Hematologic Data
Summary of Mean Values
Differential Leukocyte Count (Number of Cells per Hundred)
Dietary Lymphocytes Neutrophils Monocytes - Eosinophils Basophils
Level Day: Day: Day: Day: Day:

(percent) Sex 45 84 45 84 45 84 45 84 45 84
Control M 90.6 86.7 8.6 i1.1 0.8 1.7 0.0 * 0.5 0.0 0.0
F 83.2 85.5 15.2 12.6 0.8 1.0 0.8 0.9 0.0 0.0
3.0 M 81.8 85.8 16.2 11.5 1.4 2.1 0.6 0.6 0.0 0.0
F 84.8 84.3 13.8 13.6 1.0 1.5 0.4 0.6 0.0 0.0

oy rereprvepty §53L-014d |
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E. Clinical Blood Chemistry Studies

The results of the clinical chemistry studies conducted on blood
samples obtained from ten rats of each sex in the control and T-III groups
after 45 and 84 days of feeding are summarized in Tables VI and VII,

Values for test rats were not different from those of control rats.

4
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- TABLE Vi
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Albino Rats
Clinical Blooci Chemistry Data
Summary of Mean Values
Serum Alkaline Phosphatase Serum Glutamic-Pyruvic
Activity Transaminase Activity
" Dietary (King-Armstrong Units) (Dade Units)
Level Day: Day:
(percent) Sex 45 84 45 84
Control M 31 24 30 27
' F °20 12 24 28
3.0 M 33 22 : 25 29
F 18- 19 27 29

oy ‘rerepeopey L SAL-ON] 1P
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TABLE VI
TEST MATERIAL: Levair
90-Day Su!:;.acute Oral Toxicity Study - Albino Rats
Clinical Blood Chemistry Data |

Summary of Mean Values

Blood Urea Nitrogen

Fasted Blood Glucose

‘ Concentration Concentration

Dietary (mgs %) (mgs %)

Level Day: Day:
(percent) Sex 45 84 45 84
Control M, 16 15 129 141

F 17 14 130 137
3.0 M 15 14 146 134
F 16 13 140 135

ong orperegry 1S3 L - O g 7YY

91
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—_ F. Urine Analyses

4 ! .

— The results of the periodic examinations of urine specimens collected

from ten rats of each sex in the control and T-III groups after 45 and 84
days of feeding are summarized in Table VIII.
No significant differences between the urine of the test rats and

control rats were observed.
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TABLE Y-III
-TEST MATERIAL: Levah;
90-Day Suba:.cute Oral Toxicity Study - Albino Rats
Urine Analysis Data

Summary of Mean Values

- _} Microscopic ' - Specific
Dietary - Glucose Albumin Elements . pH Gravity
Level ' ‘Day: Day: Day: Day: Day:
" (percent) Sex : 45 84 45 84 45 84 45 84 45 84
Control M n n t n +1 +2 7.0 6.8 1.025 1.039
F n n - n n +2 +1 7.8 6.8 1.027 1.036
3.0 M n n n t +1 t 6.6 6.4 1.031  1.049
: F n n n t +2 t 7.2 6.4 1.016 1.030

ony ‘rerprrogey 1 §3 L =018 7T

Glucose and Albumiﬁ

n = negative
t = trace; less than 30 mg/100 ml urine
+1 = 30 to 100 mg/100 ml urine
+2 = 100 to 300 mg/100 ml urine
+3 = 300 to 500 mg/100 ml urine
= more than 500 mg/100 ml urine

+4

Microscopic Elements

N = normal
t = minimal or trace amounts
+]1 = slight amounts
+2 = moderate amounts
+3 = large amounts
+4 = extreme amounts

81
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G. Pathologic Studies

1. Gross Pathologic Findings
No outstanding differences were noted between test and control
rats upon gross pathological examination.

2. Organ Weight and Organ to Body and
Organ to Brain Weight Ratio Data

The results of the statistical analyses conducted on absolute
organ weights, organ to body weight and organ to brain weight ratios

are summarized in Tables IX through XIV.

There were no statistically significant intergroup differences.
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TABLE 1IX
TEST MATERIAL - LEVAIR

30-DAY SUBACUTE ORAL foxrctrv:sruov

"ALBINO RATS ..

ORGAN WEIGHT AND RATIO DATA

SUMMARY OF MEAN VALUES

ORGAN - LIVER

 DIETARY 4 CRGAN WEIGHT ORGAN/BODY WEIGHT RATIOC ORGAN/BRAIN NEIGHT RATIO
LEVEL (GM) (GM/100 GM) . {GM/GM)

{PER CENT)} MALES ' FEMALES MALES .- FEMALES . MALES FEMALES
"NONE v 18,140 : 10.064 3.4790 3.2526 | 8.8872 5.0896
0.3 -7 19.337 10.426 . 3.6844 3.3486 . v 9.5023 S.5466
1.0 19.€47 10.158 3.6202 3.2744 9.3073 5.2242
3.0 19.629 9.357 3.6515 3.1693 ' 9.3964 _ 4.8503

-———————-.————.———“———-.————.—_.————-——-——-—c————-———-—-——

O STATISTICALLY SIGNIFICANT TREATMENT EFFECTS FOUND.

0 ouy ‘porepopry 1S3 L-018 PO
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TABLE X
TEST MATERIAL - LEVAIR
90-DAY SUBACUTE CRAL TPXICITY STUDY

ALBINO RATS

ORGAN WEIGHT AND RATIO DATA
SUMMARY OF MEAN VALUES

ORGAN - KIDNEYS

DIETARY A CRGAN WEIGHT ORGAN/BQODY WEIGHT RATIC ORGAN/BRAIN WEIGHT RATIO

LEVEL {GM) (GM/100 GM) (GM/GM)

(PER CENT) MALES  FEMALES MALES ~ -FEMALES MALES FEMALES
NONE 3,666 2.117 0.7019 | 0;6798 ‘ - 1.8015 1.0695
0.3 3.695 2.048 . 0.7104 0.6596 . ~1.8193 1.0902
1.0 3.63& 2.157 0.6722 0.6984 1.7239 1.1090
3.0 3,886 2.104 0.7230 0.7153 1.8586 1.09C8

¢~———_—__......_.__.......___..._._....-._........_-____u-‘-—-—-——-—.-—.-..-———————v--—————’——-—--‘—u_——-—--...—————._—--—---——--—-——

STATISTICALLY SIGNIFICANT TREATMENT EFFECTS FOUND.

ouy ooy 1S3 L-O18 17T
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TABLE X}
TEST MATERIAL = LEVAIR
90-DAY SUBACUTE ORAL TOXICITY STUDY
’ 1

ALBINO RATS

ORGAN WEIGHT AND RATIO DATA
- SUMMARY OF MEAN VALUES

ORGAN - SPLEEN

DIETARY CRGAN NEIGHT ORGAN/BCDY WEIGHT RATIO ORGAN/BRAIN WEIGHT RATIO

LEVEL (GM) (GM/100 GM) ' (GM/GM)

(PER CENT) MALES - FEMALES MALES . FEMALES MALES FEMALES
NONE | 0.936 | 0.618 0.1805 0.2031  0.4599 | 0.3087
0.3 0.852 : 0.557 0.1632 1 0.1793  0.4184 0.2956
1.0 0.847 0.571 0.1563 - 0.1851 0.4017 0.2937
3.0 © 0.937. 0.572 0.1740 0.1920 0.4501 0.2949

e e o ——— o — S S n s > v o WL P S S SR W Al I W e e U D WS W S oY S S M S A A e G W Y G W W e Sy G SN G, B S TS D S S NI e S R S TR e e G e g S SR S S e s S e e o e

- STATISTICALLY SIGNIFICANT TREATMENT EFFECTS FOUND.

onf rereppvepey LS3L-018 7T
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TABLE X!}
TEST MATERIAL - LEVAIR
90-DAY SUBACUTE ORAL TOXICITY STUDY

!
ALBINO RATS

ORGAN WEIGHT AND RATIO DATA
SUMMARY QOF MEAN VALUES

ORGAN - GONADS

.———————————....—-——_--._._......._._.......__.._.__.__...‘.__--_..——.-——-—————-.._—‘-——--caaon--——-—-———-—-—-————-—-n-—-———--u~—-

DIETARY CRGAN WEIGHT CRGAN/BODY WEIGHT RATIO ORGAN/BRAIN WEIGHT RATIO
LEVEL - (GM) ' _ ’ (GM/100 GM) , (GM/GM)
(PER CENT) MALES FEMALES MALES FEMALES MALES FEMALES
NONE 3.611 0.077 0.6924 0.0253 1.7724 0.0392
0.3 . 4 3.414 0.079 0.6604 0.0256 1.6797 0.0423
1.0 3,669 0.099  0.6806 - 0.0321 ' 1.7383 0.0510
3.0 3.580 0.096 0.6672 0.0331 1.7155 0.0498

-~~————-‘—..—..—-————————-—-—-—-————_-————-—.--._._.--——_-—-—.—--—'——.--—-————-—————-—-—-——-—-—-——————-—————————u-~—————

{0 STATISTICALLY SIGNIFICANT TREATMENT EFFECTS FOUND.

oty vereppvepy 1S3 L0 8 17T

1 X4

L91



TABLE X111
TEST MATERIAL ~ LEVAIR
90-DAY SUBACUTE ORAL TOXICITY STUDY
ALBINO RATS
ORGAN WEIGHT AND RATIO DATA
SUMMARY OF MEAN VALUES .
ORGAN - HEART
TOIETARY  CRGAN WEIGHT  ORGAN/BODY WEIGHT RATIO . ORGAN/BRAIN WEIGHT RATIO
LEVEL (GM) (GM/100 GM) | (GM/GM)
(PER CENT) . MALES FEMALES ~ MALES 'FEMALES MALES . FEMALES
NONE 1.613 1.078 0.3095 0.3484 0.7937 0.56447
0.3 1.653 1.052 0.3174 ' 0.3383 0.8135 0.5599
1,0 1,754 1.129 0.3232 043662 0.8314 0.5842
3.0 1.685 1.054 0.3139 0.3599  0.8094 0.5481

 — v—t s e A GUP AEE B i SR b P P P G SR MM R A T A b e R B TS SR Cnd AR TR e T WAL M Adn m U WU AUn W T Y AN S e AN A e ke ST G B WL TP S M GMR MR WPe S WD S W i NS G AAS S T W MR SR G G S T GeL S . G G S e G P MO A S - —— - —- - —

0 STATISTICALLY SIGNIFICANT TREATMENT EFFECTS FOUND.

DIGTHEHS
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TABLE XIV.
TEST MATERIAL - LEVAIR
90-DAY SUBACUTE ORAL TOXICITY STUDY

!
'ALBINO RATS

ORGAN WEIGHT AND RATIO DATA -

SUMMARY OF MEAN VALUES

ORGAN - BRAIN

DIETARY ORGAN WEIGHT ORGAN/BODY WEIGHT RATIO
LEVEL GM) (GM/100 GM)

(PER CENT) MALES FEMALES - MALES  FEMALES
NONE 2.041 ©1.982 0.3914 0.6431
0.3 2,035 1.881 0.3924 © 0.6071
1.0 ] 20111 ' 10947 003915 006317
3.0 2.086 1.932 0.3894 0.6563

--———-.—...—_—_.-————-.—.—---——-_....‘—.—-...u--————..——————c--.——.-—-—-——-—.—-;——-—--.—.

NO STATISTICALLY SIGNIFICANT TREATMENT EFFECTS FOUND.

——— W - -

- o oy e Y W e s Sis s W SR M G v SO PES MR T T M A S SS WE RS s D

ORGAN/BRAIN WEIGHT RATIO

1.0000

1.0000

(GM/GM)

FEMALES

1.00C0
1.0000
1.0000

1.0000
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3. -Histopathologic Findings

Histopathologic examination of tissues and organs taken from
ten rats of each sex in both the control and T-III groups was conducted.
Microscopic examination of sections of kidneys taken from ten rats of each
sex from the T-II group and from all female rats from the T-I group was

also conducted .

Tables XV through XVIII list all histopathologic changes noted.
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_—
_— IBT No. B747
{  Stauffer Chemical Company
—
I have completed a histopathologic evaluation of a series of rat
- tissues from IBT No. B747. There are microconcretions present in the
renal tubules of the female rats from all three dose levels. These concretions
are located in the tubules at the corticomedullary junction and they consist
- of an amorphous material which shattered on sectioning. They are blue in
color and are probably calcified. These concretions are believed to be re-
L ]
lated to the test material since they are absent in the control animals and
- since the incidence and severity of this finding appear to be dose related.
The other lesions observed are those of spontaneous disease and they
p— .
are not unusual for the albino rat.
— L d P Radtin
Ward R. Richter, D.V.M., M.S.
Diplomate, American College of
— Veterinary Pathologists
p—
TN °
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- TABLE XV
'TEST MATERIAL: Levajr
90-Day Subacute Oral Toxicity Study - Albino Rats
HistOpathologicl: Changes
Group: Control
Number of » Average
Animals - Organ Examined Findings . Incidence Grade
10 Males Trachea Chronic tracheitis Y6 1.0
Lung Chronic murine pneumonia 3 1.0
Colon Parasites 1 1.0
Kidney Focal lymphoid infiltration 3 1.0
Urinary bladder Mucoid plug 6 1.0
10 Females Lung o . Chronic murine pneumonia 1 1.0
Colon : Parasites 1 1.0

All other tissues and organs, as listed on pages 5 and 6, were normal histologically.

Grading System

0.5 = minimal
1.0 = slight
2.0 = mild

3.0 = moderate
4,0 = severe
5.0 = extreme .

ony rereoery L §AL- 019 R
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- TABLE XVI
.TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Albino Rats
Histopathologit Changes

Groun: T-I (0.3%)

Number of
Animals

Organ Examined Findings

Incidence

- Average
Grade

15 Females

Kidney ‘ Microconcretions
. Tubular nephrosis
Chronic nephritis

e

N = O

O O

Crading System

0.5 = minimal
1.0 = slight
2.0 = mild

3.0 = moderate
4.0 = severe
5.0 = extreme

L

ouf rergerey 1S3 )L-0Le 1T
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TAB_LE XVI
‘ ”I‘EST MATERIAL: Levgir
90-Day S'ubz.kcute Oral Toxicity Study - Albino Rafs
| Histopathologic Changes

i

Group: T-II (1.0%)

Number of | ' ‘ Average
Animals Orpgan Examined Findings Incidence Grade
10 Males Kidney - Tubular nephrosis 1 1.0
10 Females - Kidney Microconcretions 7 1.0

-

Grading System

0.5 = minimal
1.0 = slight
2.0 = mild

3.0 = moderate
4.0 = severe
5.0 = extreme

et
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- TABLE XVIII
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Albine Rats
Histopathologit Changes
Group: T-LI (3.0%)
Number of v Average
Animals Organ Examined Findings Incidence Grade
10 Males Heart Chronic focal myocarditis 1 1.0
Trachea Chronic tracheitis 8 2.0
Lung Chronic murine pneumonia 5 1.0
Kidney Focal interstitial nephritis 1 1.0
Testes * Focal necrosis 1 1.0
10 Females Trachea Chronic tracheitis 1 1.0
Lung Chronic murine pneumonia 3 1.0
Kidney Microconcretions ‘ 7 1.0
Focal interstitial nephritis 2 1.0

Y repevopry 1S3 L-O1S orpmpiy

All other tissues and organs, as listed on pages 5 and 6, were normal histologically,

Grading System

0.5 = minimal
1.0 = slight
2.0 = mild

3.0 = moderate
4.0 = severe
5.0 = extreme

|
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Industnial BVO -TEST Laboralowes, nc.
1810 FROMNTAGE ROAD
NORTHBROOK, ILLINOIS 60062

July 7, 1972

Mr. A. B. Lindquist, Manager
Product Registrations

Stauffer Chemical Company
1200 South 47th Street
Richmond, Claifornia 9840+

Dear Mr. Lindquist:

Re: IBT No. J749 - 90/Day Subacute Oral Toxicity
Study with Levair in Beagle Dogs '

We are submitting herewith our laboratory report dated

~—

July 7, 1972, prepared in conneclion with the above study.

Very truly yours,
. Y

J. C. Calandra

President -

vJCC/lk
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Judustrial BIO-TEST Laboalories, Jre.
¢
F
REPORT TO
STAUFFER CHEMICAL COMPANY
- 90-DAY SUBACUTE ORAL TOXICITY STUDY WITH
. LEVAIR
— ‘ IN BEAGLLE DOGS
JULY 7, 1972
-~ :
IBT NO. J749
p—
» I. Introduction ~
-
- A sample identified as Levair was received from Stauffer Chemical
Compeny for the purpose of cémdhcting a 90-day subacute .oral toxicity
-~ . . Al
study using purebred beagle dogs. The following report presents the
= results of the investigation.
Ll
| .
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II. Summarz

- Ninety-day oral administration of Levair to purebred beagle dogs at

dietary levels of 0.3, 1.0 and 3.0 percent revealed no significant abnor-

malitics in the following parameters:
4
- Body Weights - Hematologic Studies
Food Consumption Blood Chemistry Studies
Behavioral Reactions Urine Analyses
~- Mortality Gross Pathologic Studies
Histopathologic Studies
- : :
Respectfully submitted,
— INDUSTRIAL BIO-TEST LABORATORIES, INC.

o . Report prepared by:

—

- -_ - Report approved by:

S

Ve / / vV Ly /ﬂ
()X:/’ 22 'z.z:ZL’O/ J/ %&ib & :“é/

Kenneth Mastalsk{, B.S.
Group Leader

‘Wedge's Creck Research Farm

et H GFrbmn
Donald II. Jenkins, D.V.M.
Manager & Techrical Director
Wedge's Creelt Research Farm

L7 gH sl e
M. L. Keplinger, PhéD.
Manager, Toxicology
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CZRTIRICATE OF ANALYSIS

- LEVAIR,

E_ Haterial SODIUM ALUMINUM PHOSPHATE, ACIDIC, POWD.Date 9-29-T71

u,J

O

Identiflication SAMPLE REPRESENTING 22 BAGS OF LEVAIR CODED 3-22

- PREPARED FOR NINETY-DAY FEEDING STUDIES.

~ANALYSIS: : | - 7CC

Assay, % NaA13114(Pok)8.A4H20 . 99.9 - %%B%%%;
"4 101 ) . _ 19.5 119.5 - 21.0
~$ Pree Acid - 0.2 : -
Heutralizing Value _ 100 ' 100 Min.
Ttrsenic, PPM As o | 0.1 3 Max.
~Fluoride, PPM F o ' _10 o ‘ .25 Hax,
Heavy Metals, PPM (as Pb) <30 © "7 ho Max.
~7, PP | 0.1 20 tax.

particle Size
p—

© % 0n 100 i 1.5 | —_—
T, s 5. I

~THIS HAm"RiAL COMPLIES UITF POOD CHEMICALS COUDEX SPECIFICATIONS.

B : :. | -, | -! ;gjéé?zzgitf%gﬁaﬂfté;AJ'

™ -8worn and subscrived to before me this
29th day of September, 1G71.

p—

’ e M Pt T
- Aaiph ‘qu‘}ul)’ }‘7'7
. , / e
iy Corniunion Dxpilres 10-21-T71.
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11I. Procedure

A. Organization

The 90-day toxicity study utilized an untreated control group and
three test groups, cach consisting of ;:igilt purebred bheagle dogs (four
males and four females). The beagles w‘(:re all eligible for A.K.C.
registration and had been previously immunized against rabies, distemper,
infectious canine hepatitis and leptospirosis.

All dogs were acquired from our own colony and were under

observation for two wecks prior to the start of the investigation, during

which time they were reimmunized and rendered clinically free of any

existing parasitic infestation.

During tlie investigation, the selected animals were housed in
kennels equipped with outside runs, four dogs of the same sex and group
being accommodated in a single }:énnel. .

v The material to be tested, Levair, was incorporated into a stock

diet and fed to the dogs seven days a week at three graded dietary levels.

- The levels were 0.3, 1.0 and 3.0 percent of test material in the diet.

An outline of the test organization and diet composition is pre-

sented in Table I. A certificate of test material analysis is also presented.

168
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TEST MATERIAL:

TABLE T

Levair

90-Day Subacute Oral Toxicity Stud? - Beagle Dogs

Test Organization and Diet Compositidn
N )

‘Number of

Constituents of Diet

Animals Dose Level Stock Ration®
Croup Male Female %) - (%)
e 4 4 None 100.0
T-1 4 4 0.3 99.7
T-11 } 4 1.0 99.0
T-I11 4 4 3.0 7.0

% Golden Choice Meals, Adciph Coors Company, Denver, Colorado.

oy wenguiepey LS 3 L- 018 PP

891
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"/'\

B. Parameters Investigated

Initially, the body weight of each dog inj cvery group was determined
and recorded. Thercafter, weighings were conducted weekly for the duration
of the test.

At the beginning of each weelk, the appropriate dietary constituents
for each of the groups were thoroughly blended in a Hobart mixer. Preweighed
amounts were distributed into sclf--fccdingv units and maintained in excess of the
animals' consumption. One such unit was available to the dogs in each kennel
on an ad libitum basis 24 hours a day. At the end of each seven-day period,
all unconsumed food was collected and weighed. Food consumptioﬁ was then
calculated and recorded. Water was available ‘t_o the animals at all times.

The dogs ™ wecre un.dcr observation during the investigation and were
examined daily for Clinié&l signs or symptoms indicative of systemic toxicity.

The following determinations were conducted upon each dog from the

untreated control group and three test groups just prior to the inception of

-the study and after 42 and 84 days of testing:



Gudustrial BYO - TEST Laboralsries, Juc. 0
-
(,.. ) Hematologic Studies
total leukocyte count
- erythrocyte count
hemoglobin
hematocrit
-  differential leukocyte count
Blood Chemistry Siudies
—
blood urea nitrogen
serum glucose
p— .
serum alkaline phosphatase
serum glutamic—o_\ialacctic transaminase
serum glutamic-pyruvic transaminase
F
Urine Analyscs
—
albumin
glucose
—— , - pH
ot micrescopic elements - leukocytes
L_ o erythrocytes
— B ‘ crystals
At the conclusion of the investigation, the dogs from each group
were sacrificed by electric shock. All major tissues and organs were
- examined grossly. The weights of the following organs were obtained:
liver, kidneys, heart, brain, spleen, gonads, adrenal glands, thyroid
gland and pituitary gland. The following tissues and organs excised
- {rom these animals were examincd histologically (Hematoxylin-Eosin Stain):
o
VR
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(K

Adrenal Glands

Aorta (thoracic)

Bone Marrow (sternum)

Brain (cerebrum, cerebellum, pons)
Caecum

Colon

Esophagus

Gall Bladder

Gonads

Heart

Kidneys

Liver

Lungs

Lymph Nodes (cervical, mesenteric)
Muscle: (skeletal)

168

Pancreas

Peripheral Nerve (sciatic)

Pituitary Gland

Prostate Gland

Salivary Gland (submaxillary)

Small Intestine (duodenum,
jejunum, ileum)

Spinal Cord

Spleen

Stomach (cardia, fundus, pylorus)

Trachea

Thyroid Gland

Uterus

Urinary Bladder
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IV. Results

A. Body Weight Data

The body weight data are presented in Tables II and III.
No significant devialions from normally expected body weight

gains for dogs of this age were noted.
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]
Levair

Vo
TABLE 1I

ST MATERIAL:

)
£

T
, 90-Day Subacuge Oral Toxicity Study - Beagle Dogs

BlO-TEST Labralories, Juc.

Body Weight Data for Males, kilograms

Age at
Inception

of Test

Overall

Dietary

Weight

Body Weights at W@ck Indicated:

Level

Gain

8 10 11 12 13

5

4

{months)

Number

Croup

i

.0

1

.11009 113

11

10.0 11.0 10.8 10.6 10.8 11.1
11

.3

10
10.5

(<o)

1
9,7 10.3

10.1 10,

10.0

5.5

None -

vC

<

i~

[ao]

[ab]
—t

1

11.1 11.3 40117 1201

10.4

9.7
10

9.5
10.2

6.0

.1
1.8
1.9

(8]
—

1.9

(a8
~t

(o]
—

10.8 11.2 1l.6 11.5 11.8 11.7 12.2

10.5

A

6.0

10.2

10.2 10.0 9.9

3.9 8.5 9.3 9.5 9.5 9.8
10.2 10.1 10.7 10.€

N
0

3.6
9.7

8.5

8.4

6.0

.

11

10.8

9.9

9.6

9.5

5.9

Mean

.1

11.4 11.6 11.6 1.8 12.0 12
10.4 10.6 10.7 10.7

11.0

10.2 10.4

0.3

T-1

2.0

—t

10.9

10.¢

9.8

5.5

10

9.2 9.3 9.8
9.2

9.0

8.7

w

10.

10.

1

10.

9.8

10.5

5

9.

.1

9
10.1

8.6
9.5

8.4

6.0

=

—~t

o3

-

1.2

—

10.4 10.6 10.8 10.8

10.0

9.3

~0

Mean

17
8

— ot

~ 0y

9.3 9.5 9.9 10.2 0.2 10.1 10.4 10.5 10.5 10.5 10.6 19.5 10.4
9.1 9,5 10.1 10.0 10.4 10.7 10.8 10.7 10.8 11.1 11 6.9 11
9.0 9

§.8

9.3
8.7
8

5.5
5

1.0

T-11

1.9

o~

<

4

<

10.1

.3 9.5 9.6 10.0 9.8 10.2

9.2

3.8

5.8
6.0

[al]

9.5

9.0

[V}

.3

[a}]

)

Meun

wy

10.9

9.2 9.7 9.6 10.2 10.1 10.3

8.7

5.5

3.0

10.7 10.7
9.5

9.8 9

12.6

G

9.6

9.3
11.8

(2}

9.1
11.1 11.7

9.1

[

8.2 8.3
9

8.2

o
w0

3.6

12.0 12.3
8.8
10.3

11.7

10.1 10.5 1.1
7

5
6.9

.0
6.7

6.0

27

~t

~1

©

(A

.a
9.0

=1

(=¥}

8.6

10

(2]

7.8
9.5

—~

o

7.6
9.1

.1

[

(a3

10.4

10.1

1

8.8 9.6 10.0

8.4

8.2

5.8

Mean
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Levair

TABLE Il

TEST MATERIAL:

90-Day Subacute Qral Toxicity Study - Beagle Dogs

Body Weight Data for Females, kilograms

Overail

Age at
Inception

Dictary

Weight

Gain

13

i
~4

10

Bedy Weights at Week Indicated:
4

3

(a8}

(months)

CGroup

Deg
Number

-~

§.0 -

8.1 8.2
§.1

§.0
9

7.8

7.8 1.8
9.1 8.9
10.9

7.4

o~y

1 7.3

- 7.
8.4

6.9
8

-0

6.0

None

Lc

[3g]

”

G
9.7

“w

3.4

8.3

.1

7.9

6.0
6.0
6.0

o

2.5

8.4 8.8 8.7 9.0 9.0 9.7

8.0

<o

7.8 7.8
8.6

7.7
8.6

~

()

~

7.1

6.6 e
7.8

6.7

1.7

n

D

1

o~

[*>]

b

7.9

8.0

7.8

~

oy

Mezan

1.0

§.1

7.7 8.0

7.9
8.3

7.4 7.4
8.3

7.1
. 7.6

6.9

6.9

(o2 ]

13

0.3

-—

o

8.5

8.2

1

8

w

7.4

7.3

6.9

el o
I o
[}
i
-
-—
Pulii e
. ©
—
™ <
-
—t
[Xa BN =g
t~
—
roos
T~ o
e
o~ o
o <O
~ o
O N
[
w N
o o
t~ =1
O o
AN et )
A <ad
—~t ol
N0 o
[s o RS
n
o~ ™~
o~
[T |
D D
wy 2
— ot

~r
>
[ab]

o3

7.8 8.0

7.9

(Y83

Mean

.0

1

o)

3.3

«Q

[{a]

8.3

8.4

4

[<ed

.1

8

8.0

al

7.7
7.5

T~

7.5
7

5.5

1

8.

§.0

7.9

~r

s.0

el

7.2
1.8

.1

o~

[te3

[N

5.0

4.5

[1a]
~l

5.3

8

(]

.1 8.6 4

8.0

§.0

7.6

5
b

6.3

<
™~

4

1

6.8

6.4

[Ve)

Meun

[}

—

6.0 6.0 - 6.3

5.7 6.0
6.2
7.7

A2
(12

o~

w

«©y

—._rr
P Tael

(o]

7.1

6.9

6.9
" 8.4

6.5 6.7

6.4

"n

—~t

[P

[72]

[3a]

«3

1 8.
7

s
8

7.9
8.5

1071 7.3

7

6.0
6.0

~

[o}]

L0 -

.3
7.8

9

«©y

(o8]

8.9
7.6

8.9
7.4

8.0
6.9

7.8
6

7.8

7.5

o3
©y

.0

=2}

7.8

7.6

7.

7.2

6.6 .7

.4

<o

uy

Mcean

10
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—
“ B. Food Consumption
No significant intergroup differences were noted with respect to
A the food consumption data.
-— The data are presented in Tai)le Iv.
—~

11
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TABLE 1V
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs

Food Consumption Data

Mean Food Consumed During Week Indicated
(g/kg of body weight)
Sex: Males Females
‘Group: UC T-1 T-11 T-1 ucC T-1 T-II T-III
Week Dietary Level (%): None 0.3 1.0 3.0 None 0.3 1.0 3.0

1 ' 352 355 376 428 380 408 417 352
2 361 402 380 398 417 428 408 384
3 ' 366 339 353 382 397 372 380 348
4 | 338 336 334 308 366 380 403 389
5 ', - 356 350 300 325 399 343 339 339
6 | 348 283 335 420 375 278 376 481
7 319 352 305 384 343 277 367 431
8 . | ' 285 306 300 309 323 335 323 299
9 315 337 309 335 321 348 332 317
10 333 335 322 336 362 350 282 285
11 - 300 309 303 325 341 325 319 319
2 286 280 297 315 298 286 333 312
13 281 364 316 316 285 346 378 324
Mean 326 334 325 359 354 244 358 352

168
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Reactions

No untoward behavioral rcactions were recorded during the investigation.

— D. Mortalitx

No fatalities occurred during the investigation.

E. Hematologic Studies

— The results of these determinations are presented in Tables V through
IX.

No significant abnormalities were noted at any levels tested.

— N
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TABLE V
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Hematologic Studies: Total Leukocyte Count,
‘thousands/mm3
Dietary Dog :
Level Number Days:

Group %) and Scx 0 42 84
- UC None 1-M 14.2 12.3 9.3
2-M 19.9 17.2 14.7
3-M 17.0 18.0 15.4
4-M 16.4 15.2 10.7
5-F 12.9 14.6 11.1

6-F 12.2 14.0 11.9

7-F 14.0 15.2 11.9
8-F 9.9 12.7 12.7

T-1 0.3 9-M 19.3 17.0 14.9
10-M 20.5 17.5 13.4
- 11-M 16 .8 14.6 12.2

12-M 25.8 15.2 13.8
13-F 16.9 14.4 11.7

14-F 13:8 - 15.3 11.3
15-F ©16.5 14.8 17.3

16-F T 18.2 13.2 12.9
T-1I- 1.0 17-M 17.0 15.1 15.2
18-M 13.4 16.7 12.7

19-M 12.5 17.3 10.6

20-M 11.6 14.4 12.0

21-F 14.9 13.3 11.9
2¢-F 15.5 13.1 11.7
23-F 23.1 17.5 15.4

24-F 12.8 12.6 11.3

T-11 | 3.0 25-M 10.8 13.5 11.0
' 26-M _ 16.4 12.9 10.4

27-M 15.4 15.2 11.8
28-M 16.9 17.1 13.2
29-F 12.2 13.8 13.6
’ 30-F 15.4 15.4 14.3
31-F 21.8 15.9 12.5
32-I 13.2 1.6 11.9
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TABLE VI
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs

Hematologic Studies: Erythrocyte Count,

15

millions/mm3
Dietary Dog :
Level Number ’ Days: ,

Group %) - and Sex 0 42 84
ucC None 1-M 6.57 6.64 7.56
2-M 7.06 6.60 6.89

3-M 6.45 6.69 6.79

4-M 5.68 6.06 6.37

5-F 6.58 6.57 7.09

6-F 6.50 6.98 6.92

7-F° 6.48 7.10 6.98

8-F 5.89 6.48 6.76

T-1 0.3 9-M 6.64 6.74 7.57
10-M 6.65 6.65 7.34

11-M 6.11 5.88 ©6.67

12-M 6.13 6.03 6.87

13-F 6.38 6.33 7.13

14-F 6.75 6.34 6.28

15-F 6.11 6.10 7.18

' 16-F 6.12 6.21 7.10

" T-1I 1.0 17-M 6.55 6.31 7.04
' 18-M 6.41 5.90 6.46
19-M 6.09 6.01 6.75

20-M 5.53 5.77 6.63

21-F 6.14 6.31 6.38

22-F 6.60 6.36 6.94

23-F 5.93 5.75 6.44

24-F 5.92 - 5.86 6.54

T-11 - 3.0 - 25-M 6.09 5.77 6.45
26-M\ 6.39 5.91 6.68

27-M 5.91 6.02 6.63

28-M 5.68 5.45 6.08

29-k 6.32 6.27 6.75

30-F 6.26 6.24 7.00

31-F 6.27 6.64 7.05
32-F 6.57 6.35 7.02
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TABLE VII
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Hematologic Studies: Hemoglobin,
gm/100 ml
Diectary Do .
Level Number Days:

Group %) . and Sex 42 84
ucC None 1-M 15.4 15.5 16.8
2-M 16.3 15.7 16.0
3-M 15.5 16.6 16.3
4-M 14.2 14.8 15.7
5-F 14.5 15.4 16.6
6-F 15.3 16.8 ©16.1
7-F 15.2 - 17.3 16.6
8-F 14.1 15.7 16.1
T~I 0.3 9-M 15.3 15.9 17.8
' 10-M 15.1 14.9 16.9
11-M 13.5 13.3 14.7
12-M 14.1 13.9 15.8
13-F 14.0 14.2 - 15.9
14-F 15.3 15.2 15.1
15-F 14.3 14.9 17.2
' 16-F 14.4 15.3 17.4
T-1I 1.0 17-M 15.0 14.4 16.0
18-M 14.8 14.0 15.1
19-M 14.2 14.0 15.8
20-M 12.9 13.0 15.2
21-F 14.8 15.3 15.5

22-F 15.4 14.6 16.5
23-F 14.5 14.2 15.5
24-F 12.9 12.9 14.6
T-111 3.0 25-M 14.2 13.7 15.2
26-M 14.2 13.9 15.6
27-M 13.2 13.7 15.5
28-M 13.6 13.7 14.9
29-F 14.6 15.2 16.4
30-F 15.5 16.1 17.7
31-F 13.9 15.3 16.3
32-F 15.9 15.6 17.6
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TABLE VIII
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Hematologic Studies: Hematocrit,
percent
Dietary Dog
Level Number Days:
Group %) and Sex 0 42 84
ucC None 1-M 43.7 46.4 46.3
: 2-M 47.0 45.7 43.2
3-M 44.9 48.5 44.4
4-M 39.0 43.7 41.8
5-F 41.0 44.5 44.4
6-F 43.0 48.9 44 .4
7-F 43.3 50.4 44.3
8-F 40.2 46.2 44.8
T-1 0.3 9-M 43.8 46.9 48.4
10-M 43.3 45.6 45.7
11-M 38.4 38.9 40.1
12-M 40.2 41.0 42.9
13-F . 39.2 42.5 43.2
. 14-F 44.6 44.6 39.8
N 15-F 40.8 43.4 47.1
16-F "41.4 44.4 47.2
T-1I 1.0 " 17-M 42.8 43.6 44.7
18-M 42.7 41.5 41.9
19-M 41.4 42.1 43.7
20-M 35.8 39.0 41.3
21-F 42.3 46.2 43.1
22-F 42.8 43.8 44.3
23-F - 40.8 42.0 43.0
24-F 37.1 38.0 39.5
T-11 3.0 25-M 39.7 40.9 41.9
: 26-M 40.6 40.5 42.5
. 27-M 38.2 40.8 2.5
28-M 39.0 -40.1 41.6
29-I 42,6 45.9 45.0
301 43.9 17.0 47.9
311 o 40.2 45.8 44.7

KPAY 45.7 47.1 47.8
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(/’-\ TABLE IX

TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs

Hematologic Studies: Differential .Leukocyte Count,
percent - Neutrophils

Dietary Dosg
Level Number ’ Days:

Group %) . and Sex 0 42 84
ucC None 1-M 66 74 56
2-M 17 70 69

3-M 49 66 57

4-M 56. . 70 68

5-F 65 59 66

6-F 73 59 - 13

7-F 46 61 63

8-F 31 58 68

T-1 - ' 0.3 9-M 42 52 62
10-M 75 17 69

11-M 70 55 51

12-M 70 32 37

13-F 66 62 , 62

14-F 56 72 74

15-F 57 44 66

' 16-F 58 57 67
T-11 1.0 17-M 58 55 54
18-M 48 71 71

19-M 58 75 62

20-M 42 65 ' 51

21-F 1 59 55

22-F 52 58 : 59

23-F 53 65 55

24-F 57 57 44
T-111 3.0 25-M 50 69 44 -
26-M 56 62 56

27-M 45 59 46

L~ ' 28-M 54 74 58
g 29-F 46 64 62
_30-F 45 67 55

31-F 66 70 69

32-F 57 56 56
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90-Day Subacute Oral Toxicity Study - Beagle Dogs

TEST MATERIAL:

Hematologié Studies:

TABLE IX continued

Levair

Differcential Leukocyte Count,
percent - Lymphocytes

19

Dietary Dog

Level Number Days:
Group (%) and Sex 0 42 - 84
ucC None 1-M 28 19 36
2-M 17 21 28
3-M 39 25 33
4-M 39 21 26
5-F 26 31 29
6-F 17 29 25
7-F 45 27" 30
8-F 64 38 21
T-1 0.3 9-M 50 39 30
- 10-M 21 20 28
11-M 26 39 46
12-M 24 55 46
13-F 29 35 33
14-F 36 21 20
15-T° 36 - 43 21
t 16-F 39 36 25
T-II 1.0 17-M 35 34 33
' 18-M 48 24 26
19-M 31 16 33
20-M 47 28 42
21-F 38 36 40
22-F 42 35 36
23-F 39 22 39
24-F 35 34 47
T-111 3.0 25-M 44 28 44
' 26-M 38 27 33
27-M 50 31 48
28~-M 39 24 35
29-¥F 51 30 30
30-F 48 26 40
31-F 27 23 30
32-F 36 35 39
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9¢-Day Subacute Oral Toxicity Study - Beagle Dogs

Hematologic Studies:

TABLE IX continued

TEST MATERIAL:

Levair

Differential Leukocyte Count,
percent - Monocyles

20

Dietary
Level
Group %)

Dog
Number
and Sex

Days:
42
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TABLE IX continued
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs

Hematologic Studies: Differential Leukocyte Count,
percent - Losinophils

21

Dietary Dog
Level Number Days:
Group (%) and Sex 0 42

[0 o]
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ucC None
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TABLE IX continued
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs

Hematologic Studies: Differential Leukocyte Count,
percent - Basophils

22

Dietary Dqgg

Level Number : Days:
Group %) and Sex 0 2 84
ucC : None 1-M 0 0 0
2-M 0 0 0
3-M 0 0 0
4-M 0 0 0
5-F 0 0 0
6-F 0 0 0
7-F 0 0 0
8-F 0 0 0
T-1 0.3 9-M 0 0 0
" 10-M 0 0 0
11-M 0 0 0
12-M 0 0 0
13~-F 0 0 0
14-F 0 0 0
15-F 0 0 0
¥ 16-F 0 0 0
T-1I ' 1.0 17-M 0 0 0
18-M 0 0 0
19-M 0 0 0
20-M 0 0 0
21-F 0 0 0
22-F 0 0 0
23-F 0 0 0
24-T 0 0 0
T-1I1 3.0 25-M 0 0 0
26-M 0 0 0
27-M 0 0 0
28-M 0 0 0
29-F 0 0 0
30--F 0 0 0
31-F 0 0 0
32-F 0 0 0
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Blood Chemistry Studies

The results of these determinations are presented in Tables X
through XIV.
There is no significant difference between the untreated control

and the three test groups.

23
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90-Day Subacute Oral Toxicity Study - Beagle Dogs

Blood Chemistry Studies:

TABLE X

TEST MATERIAL:

Levair

Blood Urca Nitrogen,

24

mg/100 ml
Dietary Dog
Level Number Days:
Group | %) . and Sex 0 42 - 84
ucC . : None 1-M 20 20 14
2-M 13 15 12
3-M 16 20 14
4-M 16 23 12
5-F 15 19 11
6-F 10 15 11
1-F 11 - 12 10
8-F 16 19 12
T-1 0.3 9-M 12 13 12
10-M 11 13 12
11-M 14 16 16
12-M 14 17 14
13-F 22 19 15
14-F 21 16 15
15-F 17 16 16
' 16-F 22 13 10
T-1I ‘ 1.0 17-M 12 10 8
18-M 12 13 9
19-M 13 | 15 12
20-M 15 21 17
21-F 13 15 11
22-F 16 13 9
23-F 16 17 10
24-F 16 17 11
T-111 3.0 25-M 13 14 10
26-M 11 13 9
27-M 15 12 10
28-M 14 12 9
29-F 13 14 12
30-1 18 13 11
31-F 16, 17 9
32-F 15 15 10

Note:  Colorvimetrvice method by Rocchkoelt and Goehinoan

168



‘ - Dedirtrial BI1O-TEST Laboralsries, Jnc.

TABLE XI

TEST MATERIAL:

90-Day Subacute Oral Toxicity Study - Beagle Dogs

Blood Chemistry Studies:

Levair

Serum Glucose,

25

mg/100 ml
Dietary Dog
Level Number Days:

Group %) and Sex 0 42 84
UC None 1-M 90 112 105
' 2-M 127 125 108
3-M 118 125 113
4-M 115 103 97
5-F 104 113 104
6-F 121 ‘123 99
7-F 97 103 102
8-F 83 108 96
T-1 0.3 9-M 118 93 94
- 10-M 125 103 101
11-M 107 86 87
12-M 118 97 87
13-F 101 95 89
14-F 106 93. 94
15-F 92 97 87
» 16-F 112 92 - 87
T-11 1.0 17-M 127 117 101
18-M 111 103 96
19-M 104 106 97
. 20-M 109 103 94
21-F 118 103 99
22-F 120 105 96
23-F 127 100 94
24-F 132 112 99
T-111 3.0 25-M 1156 109 97
26~-M 120 103 94
27-M 132 109 110
28-M 115 103 96
29-F 107 101 91
30-F 125 120 121
31-F 112 113 97
32-t 135 112 113

Note:  Colorimetrice method by Rocckelt and Goehman,

168



~  Jedustial BYO-TEST Laboratories, Irc

N

26
TABLE XII
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Blood Chemistry Studies: Serum Alkaline Phosphatase,
King-Armstrong Units
Dietary Dog
Level Number ‘ Days:

Group %) and Sex 0 42 84
ucC : None 1-M 7.06 6.63 5.23
2-M 6.87 6.34 5.23
3-M 6.68 6.78 5.06
4-M 17.33 .25.62 13.82
5-F 9.45 9.10 7.36
6-F 7.83 8.14 6.81
7-F 7.44 7.52 6.10
8-F 4.51 5.23 3.74
T-1 . ' 0.3 9-M 5.75 5.50 4.56
- 10-M 7.44 9.10 6.81
11-M 5.75 6.06 5.06
12-M 6.68 5.23 5.75
13-F 5.57 5.50 4.89
14-F 6.30 6.06 4.73
_ 15-F 12.29 10.12 10.71
. ' 16-F 7.83 7.83 6.28
T-11 ‘ 1.0 17-M 5.57 - 5.64 4.73
18-M 5.94 6.34 8.88
19-M 10.73 14.14 17.35
20-M 7.64 7.83 8.69
21-F §.23 10.12 8.30
22-F 7.83 6.63 5.58
23-F 7.83 7.22 5.75
24-F - 9.87 11.00 11.56
T-1III 3.0 25-M 7.25 6.63 6.28 .
26-M 8.63 6.92 6.28
27-M 7.64 6.34 5.92
28-M 11.39 12.51 10.71
29-I 12.29 12.31 10.71
30-F 7.83 6.63 5.40
31-1- 9.45 8.94 7.36
32-F 9.66 10.64 11.13

Note:  Colorimetric method by Dabson.
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TABLE XIII

TEST MATERIAL: Levair

90-Day Subacute Oral Toxicity Study - Beagle Dogs

Dade Units

Serum Glutamic-Oxalacetic Transaminase ,

27

Dietary Do
Level Number Da)}s:

Group %) - and Sex 0 4?2 84
UucC None 1-M 17 16 18
2-M 24 21 21
3-M 24 .17 19 -
4-M 39 20 27
5-F 32 20 20
6~-F 14 10 18
-F 27 22 15
8-r 14 15 14
T-1 0.3 9-M . 17 28 12
10-M 27 26 28
11-M 22 19 16
12-M 9 22 15
13-F 21 26 22
14-F 18 . 23 19
15-F 17 24 19
) 16-F 13 23 20
T-1I 1.0 - 17-M 13 24 19
18-M 17 26 14
19-M 34 32 23
20-M 24 30 19
21-F 13 26 21
22-F 23 22 19
23-F 22 30 22
24-F 26 29 16
T-11 3.0 25-M 24 24 T 24
26-M 23 26 20
27-M 35 30 25
28-M 39 31 28
29-F 36 30 28
30-F 35 32 29
31-F 36 35 25
32-F 28 28 19

Note:  Fluorvometric method by Levine and Hill,
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( TABLE X1V
TEST MATERIAL: Levair
- 90-Day Subacute Oral Toxicity Study - Beagle Dogs
Blood Chemistry Studies: Serum Glutamic-Pyruvic Transaminase,
- Dade Units
Dietary Dog
- Level Number Days: :
Group %) and Sex 0 42 84
- ucC None 1-M 15 15 17
2-M 66 19 27
3-M ‘15 16 24
- 4-M 15 15 27
5~F 15 14 15
6-F 15 15 ' 16
- 7-F 15 15 16
: 8-F 15 15 18
——~ '
T~1 0.3 ' 9-M 15 16 17
L 10-M 15 18 27
— 11-M 16 20 26
’ 12-M 15 . 17 22
13-F 15 17 16
— 14-F 14 15 16
15-F 15 17 24
' 16-F 15 15 15
T-1I 1.0 17-M , 15 23 27
18-M 15 19 30
— 19-M 22 27 32
20-M * 25 28 25
21-F 18 25 = 31
~— 22-F 19 . - 21 26
23-F 15 18 22
24-F 27 28 18
T-11 3.0 25-M 21 25 29
26-M 15 15 19
- 27-M 16 20 30
— 28-M 15 26 31
o 29-F 15 15 S 38
[ 30-T S 15 19 27
- 31-F 15 28 22
32-F 18 23 35
Note:  Fluorometric method by Levine nmd T1:1)
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(f G. Urine Analyses
The results of the urine analyses are presented in Tables XV
- through XVIII.
- Urinalysis revealed no significant abnormalities at any of the levels
tested.

p—- ST
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TABLE XV
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs

Urine Analyses: Albumin,

30

mg/100 ml
Dictary Dog
Level Number Days:
Group %) and Sex 0 4?7 84
uc None 1-M 10 0 0
2-M 10 0 0
3-M 0 0 0
4-M 10 10 0
5-F 0 0 0 -
6-F 10 11-50 0
7-F 10 0 11-50
8-F 0 0 0
T-1 0.3 9-M 10 0 0
10-M .10 0 0
11-M 10 0 0
12-M 10 0 0
13-F 11-50 11-50 0
14-F . 0 ' 0 0
15-F 0 0 0
' 16-F .0 0 0
T-1I 1.0 17-M 10 0 0
18-M 0 0 0
19-M 10 0 0
20-M 0 0 10
21-F 0 11-50 11-50
22-F 0 10 0
23-F 0 0 - 0
24-F 0 0 0
T-111 3.0 25-M 0 0 0
26-M 0 0 0
27-M 0 0 10
. 28-M 0 0 0
29-F 0 Lt 0
30-T "0 0 0
31-F 0 0 0
32-F 0 0 0

NMote:  BUMINTEST, Ames Companv. Inc.. Rikhart Imdiaon.,
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TABLE XVI

TEST MATERIAL:

Levair

90-Day Subacute Oral Toxicity Study - Beagle Dogs

31

Urine Analyses: Glucose,
mg/100 ml
Dietary Dog
Level Number Days:
Group (%) and Sex 0 42 84
ucC : None 1-M 0 0 0
2-M 0 0 0
3-M 0 0 0
4-M 0 0 0
5-F 0 0 0
6-F 0 0 .0
1-F 0 -0 0
8-F 0 0 0
T-1- 0.3 9-M 0 0 0
- 10-M 0 0 0
11-M 0 0 0
12-M 0 0 0
13-F 0 0 0
14-F 0 0 -0
15-F 0 0 0
N 16-F 0 0 0
T-11 ' 1.0 17-M 0 0 0
18-M 0 0 0
19-M 0 0 0
20-M 0 0 0
21-F 0 6 0
22-F 0 0 0
23-F 0 0 0
24-F 0 0 0
T-1II 3.0 25-M 0 0 0
26-M 0 0 0
27-M 0 0 0
28-M 0 0 0
29-F 0 0 0
30-F 0 0 0
"31-F 0 0 0
32-F 0 0 0

Note: COMBISTIN, Awmes Company, Inc., Elkhart, Indiana.
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TABLE XVII

TEST MATERIAL:

Levair

90;-Day Subacute Oral Toxicity Study - Beagle Dogs

32

Urine Analyses: pH
Dietary Dog
Level Number Days:
Group %) and Sex 0 42 84
ucC None 1-M 7 6 7
2-M 8 - 7 6
3-M 7 7 5
4-M 7 6 7
5-F 6 8 8
6-F 8" 7 7
7-F 8 7 6
8-F 6 8 7
T-1 . 0.3 9-M 6 6 6
10-M 6 7 6
- 11-M 8 6 6
12-M 6 7 7
13-F- 6 1 7
14-F 6 7 6
15-F 6 7 -6
16-F 6 6 8
T-1I ' 1.0 17-M 6 8 8
' 18-M 6 7 6
19-M 7 6 6
20-M 7 6 5
21-F 6 7 6
22-F 6 7 5
23-F 6 7 6
24-F 7 8 8
T-1I 3.0 25-M 6 5 5
‘ 26-M 6 7 5
27-M 6 7 5
28-M 6 6 5
29-F 8 8 7
30-F 7 7 6
31-F 7 5 6
32-F 6 6 6

Note:  COMBISTIX, Ames Company, Inc., Flkhart, Indiana.
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TABLE XVIII
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs

Urine Analyses: Microscopic Elements,
average per high power field - Leukocytes

33

Dietary Dog

Level Number Days:
Group (%) and Sex 0 42 84
ucC None 1-M 0 0 0
2-M 0 0 0
3-M 0 0 0
4-M 0 0 0
5-F 0 0 0
6-F 0 0 0
T7-F 20 7 0
8-F 3 0 0
T-1 0.3 9-M 0 0 0
- 10-M 12 0 0
11-M 0 0 0
12-M 0 0 0
13-F t 0 0
14-F 0 3 0
15-F ) 4 4 5
. 16-F 0. 0 15
T-U 1.0 17-M 0 0 0
18-M 0 0 0
19-M 0 0 0
20-M 0 0 0
21-F 6 0 25
22-F 0 0 0
23-F 0 0 0
24-F 0 0 0
T-111 3.0 25-M 0 0 0
26-M 0 0 0
27-M 0 0 0
28-M 0 0 0
29-F 0 0 8
30-F .6 0 0
31-F 4 0 0
32-F 0 0 0
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TABLE XVIIl continued
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs

Urine Analyses: Microscopic Elements,
average per high power field - Erythrocytes

Dietary _ Dog
. Level Number Days:
Group (%) and Sex 0 42 84
ucC None 1-M 0 0 0
: 2-M 0 0 0
3-M 0 0 0
4-M 0 0 0
5-F 0 0 0
6-F 0 0 0
7-F -0 0 - 25%
8-F 0 0 0
T-1 0.3 5-M 0 0 0
- 10-M 0 0 0
11-M 0 0 0
12-M 0 0 0
13-F 0 - 0 0
14-T ' 0 5 0
15-F o0 0 0
. 16-F 0. 0 0
T-11 1.0 17-M 0 0 0
18-M 0 0 0
19-M 0 0 0
20-M 0 0 - 0
21-F 0 0 0
22-F 0 0 0
23-F 0 0 0
, 24-F 0 0 0
!
T-111 3.0 | 25-M 0 0 0
26-M 0 0 0
27-M 0 0 0
28-M 0 0 0
) 29-F 0 0 0
30-T° .0 0 0
31-F 0 0 0
32-F 0 0 0

* in estirus.,
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\A TABLE XVIII continued
- TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs

Urine Analyses: Microscopic Elements,
average per high power field - Crystals

Dietary Dog ‘
Level Number Days:

- Group (%) and Sex 0 42 84
- uc None 1-M 1-3 1-3 1-3
2-M 1-3 1-3 1-3

3-M 1-3 1-3 1-3

- 4-M 1-3 - 1-3 1-3
5-F 1-3 - 1-3 1-3

6-F 1-3 1-3 1-3

- 7~F 1-3 1-3 1-3
8-F 1-3 1-3 1-3

—_—  T-1 0.3 9-M 1-3 1-3 1-3
' - 10-M 1-3 1-3 1-3

11-M 4 1-3 1-3

- 12-M 4 1-3 4
13-F 1-3 1-3 5-8

14-F 1-3 1-3 1-3

- 15-F 1-3 1-3 1-3
. 16-F 1-3 1-3 4

- T-1 1.0 17-M 1-3 1-3 1-3
' - 18-M 1-3 1-3 1-3
19-M 1-3 1-3 1-3

- 20-M 4 S 1-3 1-3
21-F 1-3 1-3 1-3

22-F 4 1-3 1-3

- 23-F 1-3 1-3 1-3
24-F 1-3 1-3 1-3

- T-111 3.0 . 25-M 1-3 1-3 1-3
: 26-M 1-3 1-3 1-3

- 27-M 1-3 1-3 4
28-M 1-3 1-3 1-3
N 29-F 1-3 1-3 1-3
L 30-F 1-3 1-3 1-3
31-F 1-3 1-3 1-3
32-F 1-3 1-3 1-3
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H. Pathologic Findings

— 1. Organ Weight Data

The organ weight data are presented in Tables XIX through
XXVII.

-~ No significant abnormalities were noted among any levels

“tested.

36
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( —~ TABLE XIX
e TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Organ Weight Data: Liver
- Dietary Dog Organ
Level Number Weight Organ/Body Weight Ratio
_ Group (%) and Sex (g) (g/1000 g)
ucC None 1-M 400.0 36.7
2-M 402.1 34.7
- 3-M 445.9 37.5
4-M 364.4 36.8
- 5-F 273.9 34.2
6-F 301.7 33.9
7-F 439.2 42.2
— 8-F 294.2 37.7
T-1 0.3 9-M 477.0 38.5
- 10-M 391.7 33.5
’ ~ 11-M 451.0 41.0
12-M 371.8 33.8
~ ' ‘ 13-F 258.8 31.6
| 14-F 367.3 42.7
: 15-F 266.8 35.1
— 16-F - 335.0 33.2
T-1I ' 1.0 17-M " 335.0 32.8
- . i8-M 378.4 34.7
' ' 19-M 374.7 36.4
20-M . 354.8 31.4
- - 21-F ~ 328.3 38.6
a -~ 22-F 354.1 42.7
23-F 248.6 44 .4
- 24-F 231.2 27.2
T-111 . . 3.0 25-M 351.0 '32.2
- - 26-M 295.0 31.0
27-M 358.2 29.1
28-M 310.3 34.5
— 29-F 229.0 35.8
P 30-F 228.9 32.7
A 31-F 288.4 33.9
. : ~32-F - 274.7 28.9
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( . TABLE XX
TEST MATERIAL: Levair
- 90-Day Subacute Oral Toxicity Study - Beagle Dogs

Organ Weight Data: Kidneys

Dietary Dog Organ _
Level - Number Weight Organ/Body Weight Ratio

- Group (%) and Sex (g) (g/1000 g)
ucC None 1-M //68.7 6.30
- 2-M 69.7 6.01
3-M 68.4 5.75
4-M 71.4 7.21
- 5-F 48.5 6.06
6-F 57.2 6.43
7-F . 64.8 6.23
- 8-F 48.4 6.20
L T-1 0.3 9-M _ 77.3 6.23
— 10-M . 79.2 6.77
- 11-M . 63.1 . 5.74
12-M 75.7  6.88
- 13-F 41.7 5.08
14-F 50.5 5.87
_ 15-F 46.1 6.07
16-F 57.6 5.70
- T-11 1.0 17-M 74.0 7.26
: 18-M 61.2 5.62
19-M 62.4 6.06
— . 20-M _ 62.5 5.53
o 21-F : 44.4 5.22
22-F 50.2 6.05
— : , 23-F 36.1 6.45
24-F 47.2 5.55
- T-1I1 ' 3.0 25-M 65.0 5.93
- 26-M 60.5 6.37
_ 27-M 75.6 6.15
- : . 28-M 65.2 7.24
29-F 41.0 6.41
o 30-F 39.0 5.57
- 31-F ~ 53.0 6.24
’ ' ©32-F ~53.3 5.61
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( TABLE XXI
TEST MATERIAL: Levair
- 90-Day Subacute Oral Toxicity Study - Beagle Dogs

Organ Weight Data: Heart

Dietary Dog Organ ‘
Level Number Weight Organ/Body Weight Ratio

- Group %) and Sex ~ () ' (g/1000 g)
ucC None 1-M 91.9 8.43
- : 2-M 99.3 8.56
3-M 107.6 9.04
4-M 86.1 8.70
- 5-F 74.3 9.29
6-F 92.7 10.4
7-F 78.3 7.53
- 8-F 70.9 9.09
— I~ - 0.3 9-M _ 101.3 8.17
y ‘ . _ 10-M 92.7 7.92
" | < 11-M 88.0 8.00
- o : 12-M 94.2 8.56
13-F 65.7 §.01
14-F 66.3 7.7
- ‘ 15-F. 66.5 8.75
- . - 16-F 79.6 7.88
-~ T-1I _ 1.0 17-M 94.0 9.22
18-M ' 97.2° 8.92
19-M 92.0 8.93
r—~ 20-M 91.6 8.11
- 21-F 84.2 9.91
_— 22-F 77.3 19.31
- 23-F 56.2 10.0
24-F 68.7 8.08
- T-1I1 4 3.0 25-M 95.1 8.72
26-M 92.6 9.75
27-M 74.5 6.06
- 28-M 86.3 9.59
— 4 29-F 71.2 11.1
-~ 30-F 59.8 8.54
) 31-F 81.2 9.55
32-F 83.6 8.80
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TABLE XXII

TEST MATERIAL:

Levair

40

90-Day Subacute Oral Toxicity Study - Beagle Dogs

Organ Weight Data: Brain
Dietary Dog Organ
Level NumbBer Weight . Organ/Body Weight Ratio
Group %) and Sex () (g/1000 g)

ucC None 1-M 76.7 7.04
2-M 86.5 7.46

3-M 90.5 7.60

4-M 78.6 7.94

5-F 82.0 10.2

6-F 84.4 9.48

7-F 78.0 7.50

8-F 78.3 10.0

T-1 0.3 9-M 90.6 7.31
- 10-M 83.3 7.12

11-M §5.4 7.76

12-M 78.0 7.09

13-F 75.1 9.23

14-F 76.8 8.93

15-F 73.2 9.63

. 16-F 84.5 8.37
T-1I 1.0 17-M 76.5 7.50
18-M 87.0 7.98

19-M 88.0 8.54

20-M 75.0 6.64

21-F 71.3 8.39

22-F 78.3 9.43

23-F 66.0 11.8

24-F 74.6 8.78

T-1I1 3.0 25-M 84.3 7.73
26-M 4.7 7.83

27-M 72.0 5.85

28-M 76.4 8.49

29-F 68.4 10.7

30-F 68.0 9.71

31-IF 75.6 6.89

32-F 74.5 7.84
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— TABLE XXIII
- . : TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs

Organ Weight Data: Spleen

Dietary Dog Organ
Level Number Weight Organ/Body Weight Ratio

- Group %) and Sex (g) (g/1000 g)
ucC None 1-M 22.2 2.04
—_ 2-M 16.2 1.40
3-M 35.8 3.01
4-M 16.2 1.64
— 5-F 16.9 2.11
6-F 23.6 2.65
7-F 25.4 2.44
- 8-F 18.5 2.37
-T-1 _ 0.3 . 9-M 26.8 2.16
—_— 10-M 19.5 1.67
o - 11-M 25.8 2.34
12-M 32.3 2.94
— - 13-F 16.4 2.00
14-F 19.2 2.23
: 15-F 19.3 2.54
- 16-F - 21.1 2.09
T-1I ' 1.0 17-M 29.5 2.89
- _ 18-M 24.5 2.25
' 19-M 23.0 2.23
: 20-M 16.2 1.43
~ - 21-F 15.8 1.86
T ' 22-F ' 17.2 2.07
23-F 11.7 2.09
. 24-F 15.4 1.81
T-11I . 3.0 25-M -27.2 2.50
- 26-M 18.7 1.97
27-M 24.3 1.98
— 28-M 20.3 2.26
29-F 16.0 2.50
L~ 30-F 15.6 2.23
L | 31-F 22.2 2.61
0 2.10

- : © 32-F . 20.
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TABLE XXIV

TEST MATERIAL:

Levair

42

Organ Weight Data: Gonads
Dietary Dog Organ '
Level Number Weight Organ/Body Weight Ratio
Group %) and Sex (g) (g/1000 g)
ucC None 1-M 5.4 0.495
2-M 17.0 1.46
3-M 15.5 1.30
4-M 9.5 0.960
5~F 0.586 0.0724
6-F 0.621 0.0675
7-F 0.509 0.0485
8-F 0.489 1 0.0612
T-1 0.3 9-M 20.3 1.64
10-M 18.9 1.62
- 11-M 5.8 0.527
12-M 22.5 2.04
13-F 0.631 0.0770
14-F 0.583 0.0678
15-F 0.492 - 0.0656
16-F 0.666 0.0659
T—II‘\ o 1.0 17-M 11.2 1.10
18-M 5.4 0.495
19-M 16.5 1.60
20-M 19.4 1.72
21-F 0.492 0.0579
22-F 0.581 0.0692
23-F 0.492 0.0863
24-F 0.614 0.0714
T-111 3.0 25-M - 7.1 0.651
: 26-M 11.0 1.16
27-M 16.4 1.33
28-M 7.0 0.778
29-F 0.429 0.0660
30-F 0.518 0.0710
31-F 0.498 0.0566
- 32-F 0.542 0.0564
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TABLE XXV
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs

Organ Weight Data: Adrenal Glands

Dietary Dog Organ :
Level Number Weight Organ/Body Weight Ratio
Group (%) and Sex (g) (g/1000 g)
uc . None 1-M 0.942 0.0856
2-M 0.956 0.0803
3-M 1.088 0.0884
4-M 0.966 0.0947
5-F 0.745 0.0919
6-F 0.831 0.0903
7-F 0.941 0.0896
8-F 0.867 0.108
T-1 0.3 9-M 1.026 0.0821
- 10-M 0.978 0.0829
11-M 0.910 - 0.0827
12-M 1.011 0.0919
13-F . 0.744 0.0907
14-F 1.092 0.127
15-F 0.699 0.0932
16-F 0.871 0.0862
T-1I" 1.0 17-M 0.881 0.0847
' 18-M 1.049 0.0928
19-M 0.962 0.0908
20-M 1.030 0.0896
21-F 0.910 0.107
22-F 0.840 0.0999
23-F 0.553 0.0971
24-F 0.782 0.0909
T-111 3.0 . 25-M 0.977 0.0872
26-M 0.918 0.0947
27-M 1.173 0.0931
: 28-M 0.824 0.0896
29-F 0.5%94 0.0914
R 30-F 0.709 0.0971
31-F . 0.889 0.101
- 32-F 0.909 0.0947
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( _— TABLE XXVI
- TEST MATERIAL: Levair
%0-Day Subacute Oral Toxicity Study - Beagle Dogs
F
Organ Weight Data: Thyroid Gland
- Dietary Dog Organ :
Level ' Numlzer Weight Organ/Body Weight Ratio
_ Group %) and Sex : (g) ' (g/1000 g)
ucC None 1-M 0.981 0.0892
— 2-M 1.102 0.0951
3-M 1.201 0.0976
4-M 1.166 0.114
— 5-F 0.844 0.104
6-F 0.907 0.0986
7-F 1.005 . 0.0957
- 8-F 0.804 0.100
T-1 0.3 9-M 1.178 0.0942
—~ 10-M 1.034 0.0876
- 11-M 1.038 0.0944
) 12-M 1.075 0.0977
— 13-F 0.736 0.0898
14-F 0.801 0.0931
15-F 0.818 "0.109
—~ 16-F 0.937 0.0928
© T 1.0 17-M 1.023 0.0984
- 18-M 1.053 . 0.0932
19-M 0.939 0.0886
20-M 1.288 0.112
= 21-F 0.798 0.0939
22-F 0.882 0.105
: 23-F 0.511 0.0897
8 24-F 0.837 0.0973
— T-1II 3.0 25-M '1.055 0.0942
26-M 1.028 0.106
27-M 1.236 0.0981
— 28-M 0.869 0.0945
29-F 0.612 0.0941
Vi 30-F 0.737 0.101
—~ 31-F 0.846 0.0962
- 32-F 0.882 0.0919
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R TABLE XXVII
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Organ Weight Data: Pituitary Gland
Dietary Dog Organ :
Level Number Weight Organ/Body Weight Ratio

Group %) and Sex . (g (g/1000 g)
uc None 1-M 0.083 0.00754
2-M 0.098 0.00828
3-M 0.085 0.00693
4-M 0.072 0.00708
5-F 0.064 0.00791
6-F 0.077 0.00842
7-F 0.073 0.00697
8-F 0.052 0.00648
T-1 0.3 9-M 0.099 0.00790
10-M 0.093 0.00786
- 11-M 0.087 0.00793
12-M 0.076 0.00690
13-F 0.068 0.00831
14-F 0.066. 0.00767
15-F 0.056 0.00748
16-F Y 0.070 0.00693
T-1I 1.0 17-M ' ‘0.075 0.00721
18-M 0.079 0.00690
19-M 0.086 0.00808
20-M . 0.091 0.00791
21-F 0.058 0.00687
22-F 0.063 0.00752
23-F 0.042 0.00729
24-F 0.074 0.00867
T-1iI 3.0 25-M - 0.084 0.00747
26-M 0.084 0.00862
27-M 0.091 0.00721
28-M 0.063 0.00688
29-F 0.047 0.00720
30-F 0.061 0.00842
31-F 0.069 0.00785
32-F 0.067 0.00698
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k;"‘\ 2. Gross and Histologic Findings

The gross and histologic findings are i)resented in Tables XXVIII
through XXXI. All tissues and organs not mentioned were normal. The grading
system used is as follows:

+ = minimal or slight
++ = mild

- +++ = moderate
++++ = severe

. - A\



168

= Dudwstrial BYO -TEST Laboralories, Jne. 47
— IBT No. J749
— Stauffer

™

I have completed a histopathologic evaluation of tissue from 32
dogs of IBT No. J749. There are no changes that can be attributed to the
test material or the test procedurc. All of the findings noted are attributed

to spontaneous disease. ’

G ‘

ﬁz (240 b e Buaaiien

. Jajﬁs F. Vondruska, D.V.M.
Senddr Group Leader

Primate Toxicity

Reviewed & approved by: i#& Aé{ﬁ"f.&/_aw
L Donovan E. Gordon, D.V.M., Ph.D.
Diplomate, American College of

Veterinary Pathologists
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TABLE XXVIII
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Gross and Histglogic Findings
Untreated Control Group
Dog
Number .
and Sex ‘Organ Gross Grade Histologic Grade
1-M Liver - - - Focal lymphoid infiltration +
Lungs - : - Focal interstitial pneumonia ++
Prostate - - Chronic focal prostatitis ++
Spleen - - Hemosiderosis +
2-M Lungs - - Chronic interstitial pneumonia ++
3-M Heart - - Congestion +
Liver - - Focal lymphoid infiltration +
Lungs - - Focal interstitial pneumonia ++
4-M Liver - - Congestion +
Lungs - - Chronic interstitial pneumonia ++
Spleen - - Hemosiderosis +

oy rorepvopny 1S3 L-018 1oy
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TABLE XXVII continued .
TEST MATERIAL: Levair
90~Day Subacute Oral Toxicity Study - Beagle Dogs
Gross and Histologic Findings'.’
i
Untreated Control Group
Dog
Number - .
and Sex Organ Gross Grade Histologic Grade
5-F Liver - - Congestion ++
Focal lymphoid infiltration +
Lungs - - Chronic interstitial pneumonia +
Hyperemia +
6-F Liver - ' - Congestion +
Lungs Lo : - Chronic interstitial pneumonia +
Uterus - - In estrus -
7-F Ovaries - - Proestrus -
' Liver - - ' Congestion ++
8-F Lungs - ' - Chronic interstitial pneumonia +

oy roropeopy 1S3 L0149 PRI
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TABLE XXIX
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Gross and Histol?gic Findings
Test Group I: 0.3 percent
Dog
Number ' . , ,

and Sex Organ Gross Grade Histologic Grade

9-M Brain - - Calcified cyst +

Liver - - Focal lymphoid infiltration +

_ Congestion +

Lungs - - Chronic interstitial pneumonia +

Prostate - - Chronic prostatitis R

10-M Liver - - » Focal lymphoid infiltration +

Lungs - - Chronic interstitial pneumonia +

11-M Kidneys - - Focal lymphoid infiltration +

Liver - - Focal lymphoid infiltration +

Congestion +

Prostate - - Chronic prostatitis o

12-M Liver -~ - Focal lymphoid infiltration ++

Lungs - - Chronic interstitial pneumonia +

po

oy ‘porvgpeveysy LS L-OLA TP
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TABLE XXIX continued
TEST MATERIAL: Levair
90~Day Subacute Oral Toxicity Study - Beagle Dogs

Gross and Histologic Findings

Test Group I: 0.3 percent

Dog
Number -
and Sex Organ Gross Grade Histologic Grade
13-F Liver - - Focal lymphoid infiltration )y +
Congestion +
Lungs - - Focal interstitial pneumonia +
14-F Liver - - Focal lymphoid infiltration +
_ Congestion +
Uterus Enlarged ++ Diestrus -
15-F Liver - - Congestion . ++
Lungs - - Focal ‘interstitial pneumonia ++
16-F Liver - - Focal lymphoid infiltration +
Lungs - - Chronic interstitial pneumonia +

oy onqeerry 1§3L-018 PP

15

891
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TABLE XXX

© e

TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Gross and Histollogi-c Findings

Test Group II: 1.0 percent

Dog
" Number .
and Sex Organ Gross Grade Histologic Grade
17-M Liver - - Congestion +
Lungs - - Chronic interstitial pneumonia ++
18-M Lungs - - Chronic interstitial pneumonia +
: ’ Focal granulomatous infiltration +
Prostate. - - Chronic prostatitis +++
19-M Liver - : - : Congestion +
Lungs - - Chronic interstitial pneumonia ‘ ++
20-M Kidneys - v Congestion : +
Liver - - ‘ Congestion +
Lungs - - Chronic interstitial pneumonia +
21-F Liver - - Congestion +
Focal lymphoid infiltration +
Lungs - - Chronic interstitial pneumonia ++
"Uterus Enlarged - ++ Diestrus : -

——

ouy ‘verppropsy 1S3 L QL8 1P
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TABLE XXX continued
TEST MATERIAL: Levair
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Gross and Histo}ogic Findings
Test Group II: 1.0 percent
Dog
Number e
and Sex Organ_ Gross Grade Histologic Grade
22-F Liver - - . Congestion * +
Focal lymphoid infiltration . +
Lungs - ) - Chronic interstitial pneumonia +
23-F Liver - - Congestion +
Focal lymphoid infiltration +
24-F Lungs - - ' Chronic interstitial pneumonia +

oy ‘o 1S3 L-018 1P

€S
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TABLE XXXI
TEST MATERIAL: Levair
90-Day Subacuté Oral Toxicity Study - Beagle Dogs
Gross and Histologic Findings
i
Test Group III: 3.0 percent
Dog
‘Number :

and Sex Organ Gross Grade Histologic Grade

25-M - - - - -
26-M Liver - - Focal lymphoid infiltration ++
Lungs - - Chronic interstitial pneumonia +

27-M Liver - ' - Focal lymphoid infiltration +
Lungs - v - Chronic interstitial pneumonia ++

28-M Liver - - Focal lymphoid infiltration +
Lungs - - Chronic. interstitial pneumenia +

29-F Liver - - - Congestion +
Lungs - : - Chronic interstitial pneumonia ++

- Focal granulomatous infiltration +

30-F Liver - - . Congestion +
‘Lungs - - Chronic interstitial pneumonia ++

o ey 1S3 L-018 1P
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TABLE XXXI continued
TEST MATERIAL: Levair
90-Day Subaéute Oral Toxicity Study - Beagle Dogs

Gross and Histologic Findings

Test Group III: 3.0 percent

Dog

Number

and Sex .Organ Gross Grade Histologic Grade

31-F Kidneys - - - Tubular casts ot +
Liver - - ' Focal lymphoid infiltration +
Lungs - - Chronic interstitial pneumonia ++

32-F Liver - - - Congestion +
Lungs - - Chronic interstitial pneumonia +

oy rereppropsy L S3 1019 PPrVPY
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Indlustrial B1O ~TEST Laboralonies, ne.

—
T . 1810 FRONTAGE ROAD
‘ NORTHBROOK, ILLINOIS 60062
— 1
June 30, 1972
[ ]
[

Mr. A. B. Lindquist, Manager
: Product Registrations
- ’ Stauffer Chemical Company
1200 South 47th Street
Richimond, California 94804

Dear Mr. Lindquist:

- Re: IBT No. J749 - 90/Day Subacute Oral 'I‘ox1c1ty

Study with Kasal in Beagle Dogs
el :

We are submitting herewith our laboratory report dated
- June 30, 1972, prepared in connection with the above study.

Very trul}? yours,

- J. C. Calandra
' : ’ President
- - JCC/mp
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REPORT TO
STAUFFER CHEMICAL COMPANY
90-DAY SUBACUTE ORAL TOXICITY STUDY WITH

KASAL
IN BEAGLE DOGS

JUNE 30, 1972

IBT NO. J749

I. Iﬁtroduction

A sample identified as Kasal-was received from Stauffer Chemical

- Company for the purpose of conducting a 90-day subacute oral toxicity .

study using purebred beagle dogs. The following report presents the

results of the investigation,
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—_ 11. Summary

Ninety-day oral administration of Ka sal to purebred beagel dogs
at dietary levels of 0.3, 1.0 and 3.0 percent revealed no significant

abnormalities in the following parameters:.

Body Weights Hematologic Studies
Food Consumption Blood Chemistry Studies
Behavioral Reactions ‘ Urine Analyses

Mortality - Organ Weights
: Gross Pathologic Studies

However, histopathologic examination of kidney tissues revealed
unusually large renal concretions in three of eight} animals receiving
3.0 percent of Kasal. These concretions ar‘e thought to be related to
the ingestion of test material. All other histopathoiogic changes can

be attributed to naturally occurring disease.

—

Respectfully submitted,

INDUSTRIAL BIO-TEST LABORATORIES, INC.

Report prepared by: %//Lﬂ /724/744,44/&
' Kenneth Mastalski, B.S.

Group Leader
Wedge's Creek Research Farm

Report approved by: ﬂﬂ’?’@&/ W /QMM

Donald H. Jenkins, D. V.M.
Manager & Technical Director
Wedge's Creek Research Farm

B o Aol

M. L. Keplinge'r, 7Ph. D.
Manager, Toxicology

sjn:scm:slg:psh
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S Industriel Chemical Division,

.

N | o CK"\TU'ICuJ._‘ 0% ANAIYSIS
Materiel: Sodiun Aluninur Fhosvhete, Bagic "pate 10/22/71
— Cemmann here? RAGRL
, Tdentification: Materlal representing 20 bﬂzs ¥esel codled  140-14270
— ) . 14 C—E\‘Tucﬂ
_ Aﬁalysis: o _ '
: . Food Cbnmi el
Datermination - CodeX Specirications
~  hkssay (Al2Os) - 10.9% ’9'-,553 - 12.5%
. Loss on Ignition . 8.,02% , g% maxizmam
Liwits of Impuritles ) _
=  Avsenic (AB; - 0.1 ppm « '3 ppm raximam
- Fluoride (¥ . 2,0 pprn 25 ppa paximunm
Heavy Metuls (as FD) 410 .ppn . Lo ppm maximum
-~ Iecd (Fb) 0.3 ppm .10 ppn naximum
. Y0y o 55.65 . St e
o ~DH 123p slurxy) , g.2 : ) -
Sieving: - )
on 200 mesh ‘ Fone -
— on )LS mesh : o : - 2,0% . -
— This material complies with the eoocificatiOﬁ of the Food Chemicials
} COG.G’X. ) . )
' ' . “/J //7’(
_ < . S B“yunt
STATE OF NEW YCRK o - .

- ‘COUNTY O NEW YORK

Sworn and subséribcd to before me this
22nd day of October, 1971. ’

- ;%411L44~g, 5§7,/422<,7¢~u&d5' .

,~‘ ~ ' PATRICIR A, PECQUITE //
O EOTARY PUSLIC, State of Hew Yook

r.

Mo, 24-83125%0
Qushiln:d Iy Kings County
Ceorl. fiad In How Yoik Counly o,
Comrniasion D3es March 30, TS
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III. Procedure

A. Organization

The 90-day toxicity study utilized an untreated control group
and three tesf groups, each consisting of eight purebred beagle dogs
(four males and four females). The beagles were all eligible for A. K. C.
registration and had been previously immunized again;t rabies, distemper,
infectious canine hepatitis and leptospirosis.

All dogs were acquired from our own (IBTL) colony and were
under observation for two weeks prior to the start of the investigation,
during which time they were reimmunized and rendered clinically free
of any existing parasitic infestation. |

During the investigation, the selected animals were housed in

‘kennels equipped with outside runs, four dogs of the same sex and group

being accommodated in a single kennel.

The material to be tes‘ted, Kasal, was incorporated into a stock
diet and fed to the dogs seven days a week.at three graded dietary levels.
The levels were 0.3, 1.0 and 3.0 percent of test material in the diet.

An outline of the test organization and diet composition is pre-

sented in Table I. A certificate of test material analysis is also presented.



1 | ) ) } ] } i ) )
" 'TABLE!
. TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs

Test Organization and Diet Composition

t

Number of Constituents of Diet
Animals : Dose Level _ ‘ Stock Ration*
Group Male Female (%) _(g)
ucC 4 4 © None : ' 100.0
T-1 4 4 0.3 99.7
T-II 4 4 1.0 : 99.0
T-1I1 4 4 3.0 : 97.0

% Golden Choice Meals, Adblph Coors -Company, Denver, Colorado.

oy wrpeysy 1S3 L= 0OV’ 17T

6971
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B. Parameters Investigated

Initially, the body weight of each dog in every group was deter-
mined and recorded. Thercafter, weighings were conducted weekly for
the duration of the test.

At the beginning of each week, the appropriatg dietary constit-
uvents for each of the groups were thoroughly blended in a Hobart mixer.
Preweighed amounts were distributed into self-feeding units and main-
tained in excess of the animals' consumption. One such unit was avail-
able to the dogs in each kennel on an ad libitum basis 24 hours a day.

At the end of each seven-day period, all unconsumed‘food was collected
and weighed. Food consumption was then calculated and recorded. Water
was available to the animals at all times.

- The dog;s were under observation during the investigation and
were examined daily for clinical signs or symptoms indicative of systemic
toxicity. - . .

\ The following determinations were conducted upon each dog from

the untreated control group and three test groups just prior to the inception

of the study and after 42 and 84 days of testing.

169
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Hematclogic Studies
total leukocyte count
- erythrocyte count
hemoglobin
hematocrit
differential leukocyte count
Blood Chemistry Studies
blood urea nitrogen
serum glucose
serum alkaline phosphatase
serum glutamic-oxalacetic transaminase
serum glutamic-pyruvic transaminase
Urine Analyses
albumin
glucose
pH o
microscopic elements - leukocytes
erythrocytes
- crystals
At the conclusion of the investigation, the dogs from each group
were sacrificed by electric shock. All major tissues and organs were
examined grossly. The weights of the following organs were obtained:
liver, kidneys, heart, brain, spleen, gonads, adrenal glands, thyroid
gland and pituitary gland. The following tissues and organs excised from
" these animals were examined histologically (Hematoxylin—Ebsin Stain):

169
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Adrenal Glands

Aorta (thoracic)

Bone Marrow (sternum)

Brain (cerebrum, cerebellum, pons)
Caecum

Colon

Esophagus

Gall Bladder

Gonads

Heart

Kidneys

Liver

Lungs

Lymph. Nodes (cervical, mesenteric)
Muscle (skeletal)

7 169

Pancreas

Peripheral Nerve (sciatic)

Pituitary Gland

Prostate Gland

Salivary Gland (submaxillary)

Small Intestine (duodenum,
jejunum, ileum)

Spinal Cord

Spleen

Stomach (cardia, fundus, pylorus)

Trachea

Thyroid Gland

Uterus

Urinary Bladder
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IV. Re sults

A, Body Weight Data

The body weight data are presented in Tables II and III.
No significant deviations from normally expected body weight

gains for dogs of this age were noted.
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-TABLL

Kasal

TEST MATERIAL:

90-Day Subscute Oral Toxicity Study - Beagle bogs

"Body Weight Data for Males, kilograms

Age at

Overall

Inception
of Test

Dietary |

Body Weights at Week Indicated:

Dog
Number

Level

Weight

11 12 13 GCain

10

6 7 8

5

(months)

{%0)

Croup

o

.
o—t¢

10,8

0 11

10,

- 10.3

1 9.8
10.3
10.

10.
9.7
10,

1
9.7

10.
10.

10.0

None

UcC

~N

1

11,
11,

10.5 10.4
11.

11,

9.5

10.
- 8.

6.0

12. 12,
10.

11.

11,

0
0

8

10.

9

10.

9.8

9.5
10.

5

3

8.
10.

8.

6
9.7

8.5

6.

1.

10.

10.

1

10.

9.9

5. 9.5 9.6 ..

Mean

o N

. e
~—

5 9,3

L7 9.0
10. 10.
11,

11.

7
1

2
.9

10.
10.

.1 2
1

1
8.9

10.
10.

7
.9

9.8
10.

8.

8.7
8.5

5
.3

8.
8
9.5

7
0

.1
9.2

8.5
8

8
7.

5.5
6.0

0.3

T-1

10.

11.

8

10.
10.
10.

10,
10.

9.8

9.5

4
9.0

o

©

11

2.

9.6 9.8

9.2

5

o
0

12
Mean

jele]

10. 10. 10.

9.9

1 3 9.4 9.8 9.6

8.9

8

8.

8.

2

5.

o
~N

12,
11,

12,
11

12.

10.8

10.3

5. 10.

17

1.

T-1I

® O 0
oN N
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e~ B. Food Consumption Data

- ’ Food consumption data are presented in Table IV,

There is no significant difference between the untreated control

group and the three test groups.
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TABLE IV

TEST MATERIAL: Kasal

90 -Day Subacute Oral Toxicity Study - Beagle Dogs

Food Consumption Data

12

Mean Food Consumed During Week Indicated

(grams/day)
S?X: ‘ Males . Females

Gréup: UC T-I T-II T-III UC T-I T-II T-II

Week Dietary Level (%6): None 0.3 1.0 3.0 None 0.3 1.0 3.0
1 352 375 388 401 380 451 436 385

2 361 381 385 430 417 407 458 418

3 366 362 359 392 397 378 410 386
4 338 371 353 342 366 382 407 375

5 356 358 336 363 399 359 391 369
6 348 335 332 366 375 352 394 351
7 319 347 328 364 343 369 398 352

8 285 305 277 323 323 331» 358 346
9‘ 315 335 268 325 321 361 377 363
10 333 303 274 328 362 370 361 356
11 300 336 321 317 341 332 334 330
12 286 268 261 287 298 302 279 288
13 ‘281 338 304 346 285 344 423 350
Mean 326 340 322 353 354 364 387 359
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]
L~ C. Reactions
- No untoward behavioral reactions were recorded during the
investigation.
—
D. Mortality
- No fatalities occurred during the investigation.
- E. Hematologic Studies
The results of these determinations are presented in Tables V
-
through IX,
— No significant abnormalities were noted at any levels tested.
f—
—~
o~
—
—
TN
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— TABLE V
- TEST MATERIAL: Kasal
8 90-Day Subacute Oral Toxicity St{xdy - Beagle Dogs
o Hematologic Studies: Total Leukocyte Count,
thousands/mm
- Dietary - Dog '
Level Number Days: .
Group (percent) and Sex 0 42 84
ucC None 1-M 14,2 12.3 9.3
2-M 19.9 17.2 14. 7
~ 3-M 17.0 18.0 15.4
4-M 16. 4 15.2 10.7
5-F 12.9 14.6 11.1
- 6-F 12.2 14,0 11.9
7-F 14.0 15.2 11.9
— 8-F 9.9 12.7 12.7
T-I 0.3 9-M _ 11.5 13.7 9.5
L' ' 10-M 13.7 13.9 10.1
~~ :
~ - 11-M .- 15,5 16.5 15.5°
12-M 26.7 19.2 18.4
-~ 13-F 12.7 14.3 10.6
14-F 18.9 20.2 12.4
15-F : 17.6 18.0 12.6
- 16-F 16.7 17.8 12. 4
T-1I 1.0 - 17-M 15.7 . 18.7 14.5
~ 18-M 15,1 13.8 10.7
19-M 17.3 15.5 13.9
Z0-M 14,7 15.2 13.3
= 21-F 10.3 12.0 10.4
22-F 16,2 13.2 10.9
23-F 15.1 15.0 12.3
= 24-F 13,7 11.9 10. 6
- T-111 3.0 25-M 17.7 17.5 11.4
. _ 26-M -17. 4 16.8 16.0
27-M 16.8 13.7 10.5
— _ 28-M 14,1 12,8 12.9
29-F 9.3 10.5 8.8
{’./ ~. : 30-F 11.4 14, 4 11.0
— 31.F 11.9 12.2 11.5
32.F 16.3 16.7 13.4

169



169

- Oudustiial BIO-TEST Laboralorics, Ine. 15
- TABLE VI
{ -
’_" TEST MATERIAL: Kasal
90 -Day Subacute Oral Toxicity Study - Beagle Dogs
p—
Hematologic Studies: Erythrocyte Count,
millions /mm '
Dietary Dog
Level Number , Days:
- Group (percent) and Sex 0 42 84
UcC ~ None 1-M 6.57 6.64 7.56
m— : 2-M 7.06 6.60 6.89
3-M 6.45 6.69 2 6.79
4-M 5.68 6.06 6.37
~- 5-F 6.58 6.57 7.09
6-F 6.50 6.98 6.92
7-F 6.48 7.10 .6.98
~ 8-F 5.89 6.48 6.76
e — T-1 0.3 9-M 6.34 6.55 6.89
) ' . _ 10-M 6.99 6.91 7.39
11-M 6.26 6.31 7.17
— 12-M 6.28 6.18 7.25
13.F7 6.33 6.34 6.87
14-F 6.57 6.76 7.36
— ' 15-F 5.47 5.97 6,44
: 16-F 6.48 6.81 7.40
r— T-II . 1.0 17-M 6.44 6.53 7.14
18-M 6.01 5.52 6.27
. 19-M 6.12 6.54 T.17
- ' 20-M 5.92 5.82 6.93
: ’ 21-F 6.22 6.52 6.98
: 22-F 6.09 6.64 7.14
- 23-F 6.57 7.01 7.40
24-F 5.43 - 5.75 6.84
B T-II 3.0 25-M 5. 62 5,83 6.73
26-M 5.61 5.73 6.38
— 27-M 5.88 6.21 7.04
28-M 6.18 6.11 6.49
N _ 29-F 6.72 6.76 7.61
—- 30-F 6.09 6.23 6.90
31-F 6.41 6.39 6.85
32-F 6.92 6.82 7.44
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TABLE VII
T
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
- Hematologic Studies: Hemoglobin,
gm/100 ml
Dietary Dog
Level Number _ Days: :

— Group (percent) and Sex 0 42 84
_ ucC None 1-M 15. 4 . 15.5 16.8
- 2-M 16.3 15.7 16.0
3-M 15.5 16.6 16.3
4-M 14.2 14.8 15.7
—~ 5-F 14.5 15. 4 16. 6
6-F 15.3 16. 8 16.1
7-F 15,2 17.3 16.6
~ g-¥ 14,1 15.7 16.1
o~ T-1 0.3 9-M 15.3 15.7 16.6
_ 10-M 16.0 15. 6 17.5
1-M 15.0 15.8 17.9
— 1Z-M 14,2 14. 4 16.6
13.F : 15.1 15.4 16,2
- 14-F 15.6 16.0 17.3
—_ 15-F S 12.9 14.3 15. 4
16-F 15. 4 16.7 17.9
p— T-1I 1.0 17-M 15.3 15.5 17.3
. 18-M 13.9 12.6 14.5
19-M ’ 14.2 15,0 16,6
— _ B 20-M 13.7 13.7 15.8
C 21-F 14.8 15,6 16.8
22-F 14.9 16.0 17.2
- 23-F . 15.0 16.7 17.8
24_F 12.7 13.9 16.1
- T-III 3.0 25-M 12.9 14.1 16.1
26-M 13.0 13.5 14.8
— 27-M 13.9 14.9 16.7
' 28-M 14.4 14.3 15.1
N 29-F 14.8 15.6 17.8
C 30-F 14.3 15.0 16.9
: 31-F 14.5. 14.8 15.3
32-F 16,1 16. 1 18.2
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- ’ - TABLE VIII
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity St\;xdy - Beagle Dogs

Hematologic Studies: Hematocrit,

percent
. Dietary Dog
Level Number Days:

— Group (percent) and Sex 0 42 84
ucC None 1-M 43,7 46. 4 46.3
- 2-M 47.0 45,7 43,2
3-M 44.9 48.5 44,4
4-M 39.0 43.7 41.8
— 5-F 41.0 44.5 44, 4
6-F 43.0 48.9 44, 4
7-F 43,3 50. 4 44,3
- 8-F 40.2 46,2 44.8
T-1 0.3 : 9-M 44,7 48.5 46,1
~ . 10-M 46,3 48. 3 47.2
- 11-M 42,7 46. 4 47.6
12-M 41,4 43.1 45,9
- 13-F 41.7 44,7 44,0
14-F 44,3 48.7 48.0
_ 15-F 36.8 42.7 41.6
16-F 44,6 50.9 49.6
— T-11 1.0 17-M 43,7 47.6 47,2
- 18-M 39,6 38.4 39. 4

19-M 40.2 44,8 44,7
p— : 20-M 38.1 40. 8 43,2
- 21-F 41.4 45,5 44,9
C22-F 41.8 47. 4 46,4

— ; } 23.F 43,6 50.0 48.1
24.F 35.7 41.0 44,5

- T-1I 3.0 25-M 37.6 41,2 43.1
26-M 36. 4 39,7 40. 4
27-M 38.5 43.3 43.8
- 28-M 40. 4 42.5 40.6
o~ 29-F 42,2 45,7 46.1
30-F 40.1 44,1 44,7
31.F 40. 9 43.0 42.0
32.F 46. 0. 49,2 48.5
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— - ' TABLE IX
TEST MATIERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs

— Hematologic Studies: Differential‘Lcukocy’ce Count,
percent - Neutrophils

Vo~

- Dietary Dog
Level Number Days; .
Group (percent) and Sex 0 42 84
UcC None I-M 66 74 56
- 2-M. 77 70 69
~ 3-M 49 66 57
4-M 56 70 68
5-F 65 59 66
J—
6-F 73 59 73
7-F 46 61 63
— 8-F 31 58 : 68
: T-1 0.3 . 9-M 53 c 63 54
e~ ’ 10-M 53 : 54 52
S - 11-M 42 60 66
12-M 66 63 _ 62
— 13-F 53 68 - 64
| 14-F 50 59 51
. 15-F 55 61 54
- _ 16-F . 60 64 63
T-1I 1.0 17-M 53 54 50 -
o 18-M 66 60 66
19-M 54 46 ' 60
20-M 45 ' 59 64
8 21-F 43 60 58
22-F 62 49 63
— : : 23-F 54 50 66
' 24-F 34 - 50 49
— T-111 3.0 25-M 56 63 62
26-M 33 69 58.
27-M 50 60 55
-— ' _ 28-M 40 56 60
29-F - 58 59 52
a 30-F 47 58 | 59
31.F 28 62 49
32.F 60 - 64 63
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"TABLE IX continued

19

A\.
}_ TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
8 Hematologic Studies: Differential Leukocyte Count,
percent - Lymphocytes
p—
Dietary Dog
Level Number . Days:
-~ Group (percent) and Sex 0 - 42 84
, UucC None 1-M 28 19 36
- 2-M 17 21 28
3-M 39 25 33
4-M 39 21 26
= 5-F 26 31 29
6-F 17 29 25
1-F 45 27 - 30
8 8-F 64 38 21
— T-1 0.3 9-M 42 26 36
- 10-M 40 35 36
11-M 49 - 32 30
— 12-M 26 29 30
13-% 41 23 31
14-F 49 38 46
- 15-F 43 35 43
. 16-F 32 33 33
—- T-1I 1.0 17-M 43 40 45
18-M 32 36 32
19-M 41 46 38
. 20-M 54 39 31
21-F% 55 37 38
22-F 35 31 33
8 23-F 39 39 30
24-F 62 42 49
T-111 3.0 25-M 39 26 34
26-M 60 24 37
— 27-M 38 30 37
28-M 54 43 37
Y 29-F 39 37 42
~ 30-T 48 34 34
31-F 66 33 48
32.F 39 28 31
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— v . . TABLE IX continued
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Stt.zdy - Beagle Dogs

- Hematologic Studies: Differential Leukocyte Count,
percent - Monocytes

- Dietary Dog
Level Number Days:

Group (percent) and Sex 0 ' 42 84

ucC None 1-M 2 4 3

2-M 3 1 1

- 3-M 2 2 0

4-M 0 4 1

— 5-F 0 3 1

6-F 2 5 0

7-F 3 5 0

— 8-F 0 0 2

T-1 0.3 9-M 0 2 3

—N 10-M 1 3 1

" - 11-M 2 1 1

12-M 3 0 1

- , 13-F 2 4 1

14-F% 1 2 0

15-F 1 2 2

- : 16-F% 7 3 - 3

T-1I 1.0 17-M 1 -2 1

- 18-M 0 2 2

19-M 3 5 1

_ | 20-M 0 2 1

21-F 2 -2 3

: 22-F 2 5 3

- - 23-F 1 3 1

| 24-F 1 2 1

- T-OI 3.0 25-M 2 1 2
26-M 2 2 0

27-M 2 4 2

- ' . 28-M 2 1 1

' 29-F 2 1 2

' 'Lf"\. 30-F 1 3 2

31-F ] 2 2.

32.F 1 P 2
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-TABLE IX continued

21

C TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
- Hematologic Studies: Differential Leukocyte Count,
percent - Eosinophils
- Dietary Dog
Level Number Days:
- Group (percent) and Sex ‘ 0 42 - 84
UcC None 1-M 4 3 5
— o 2-M 3 8 2
3-M 10 7 10
4-M 5 5 5
6-F 8 7 2
7-F 6 7 7
-~ 8-F 5 4 9
T-1 0.3 9-M 5 9 7
~ 10-M 6 8 11
- 11-M 7 7 3
12-M 5 8 7
- 13-F 4 5 4
14-F 0 1 -3
15-F 1 2 1
- 16-F 1 0 1
— T-1I 1.0 17-M 3 4 4
| 18-M 2 3 0
19-M 2 2 1
p— 20-M 1 0 4
| 21-F 0 1 1
22-F I 15 1
- 23-F 6 8 3
24-F 3 6 1
- T-I0I 3.0 25-M 3 10 2
26-M 5 5 5
27-M 10 6 6
- 28-M 4 0 2
—_ 29-F 1 3 4
¢ 30-F 4 5 5
- 31.F 5 3 1
32.F 0 6 4
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— » ' - TABLE IX continued
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs

- Hematologic Studies: Differential Leukocyte Count,
percent - Basophils

22

- Dietary Dog
Level Number - Days:

Group (percent) and Sex - 0 42 84
ucC None - 1-M 0 0 0
2-M 0 0 0
. 3-M 0 0 0
4-M 0 0 0
— 5-F 0 0 0
6-F 0 0 0
7-F 0 0 0
- 8-F 0 0 0
T-1 0.3 9-M 0 0 0
-~ 10-M 0 0 0
~ 11-M 0 0 0
12-M 0 0 0
- 13-F 0 0 0
14-F 0 0 0
15-F 0 0 0
- 16-F 0 0 0
T-1I 1.0 17-M 0 0 0
- 18-M 0 0 0
19-M 0 0 0
- 20-M 0 0 0
21-F 0 0 0
22-F 0 0 0
- 23-F 0 0 0
24-F 0 0 0
- T-1I 3.0 25-M 0 0 0
‘ 26-M 0 0 0
27-M 0 0 0
- 28-M 0 0 0
29-F 0 0 0
- 33-15‘ Q 0 0
- 31-F 0 0 0
0 0 0
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F. Blood Chemistry Studies

- The resulls of these determinations are presented in Tables
X through XIV,
There is no significant difference between the untreated control

- group and the three test groups.

’
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24

32-F

o~ TABLE X
;(- TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Blood Chemistry Studies: Blood Urca Nitrogen,
mg/100 ml .
-
Dietary Dog
Level Number Days:
- Group (percent) and Sex 0 42 84
— UuC None 1-M 20 20 14
| 2-M 13 15 12
3-M 16 20 14
—_ 4-M 16 23 12
5-F 15 19 11
6-F 10 15 11
- T-F 11 12 10
8-r 16 19 12
— T-1 0.3 9-M 21 19 11
- 10-M 13 13 16
RS 11-M 13 12 16
- 12-M 22 19 17
13-F 17 17 13
14-F 17 19 14
- 15-F 17 20 . 12
. 16-F 10 15 12
- T-m1  lo  17-M 17 16 14
18-M 21 19 12
- 19-M 15 19 15
20-M 19 - 15 13
21-F 19 16 14
— 22-F 17 20 12
23-F 18 13 14
24-F 13 18 10
T-111 3.0 25-M 16 22 19
26-M 21 12 13
- 27-M 15 13 13
— 28-M 14 15 11
: 29-F 15 13 9
- 30-F 15 14 13
31.-F 14 17 13
21 14 14
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TABLE XI

TEST MATERIAL: Kasal

90-Day Subacute Oral Toxicity Study - Beagle Dogs

-
Blood Chemistry Studies: Serum Glucose,
mg/IOO ml
Dietary Dog
Level Number . Days:
- Group (percent) and Sex 0 42 84
ucC None 1-M 90 112 105
- . 2-M’ 127 125 108
3-M 118 125 113
4-M 115 103 97
- 5-F 104 113 104
6-F 121 ' 123 99
7-F 97 103 102
- 8-F 93 108 - 96
—~ T-I 0.3 9-M 121 ’ 115 111
g - 10-M 124 117 108
11-M 124 110 99
- - ¥2-M 120 112 110
13-F 106 : 101 91
, 14-F 104 103 -92
- : 15-F - 88 103 96
; 16-F 109 106 101
- . T-1I 1.0 17-M 123 110 101
' 18-M . 102 100 94
19-M 109 101 94
- 20-M 112 . 105 99
21-F 102 97 91
22-F 112 97 96
- 23-F 95 93 94
24-F 109 106 97
T-111 3.0 25-M 93 17 85
26-M 127 113 119
— ’ 27-M 112 106 97
- ' 28-M 121 98 99
g 29-F 112 115 . 110
< 30-F 102 109 94
' ,31_15, 104 - 106 94

32_F 121 112 107
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TABLE XII
T
- TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Blood Chemistry Studies: Serum Alkaline Phosphatase,
‘ King-Armstrong Units/100 ml
Dietary Dog
Level Number ‘ Days:

- Group (percent) and Sex 42 84
' ucC None 1-M 7.06 6.63 5.23
- : 2-M 6.87 6.34 5.23
3.M 6.68 6.78 5.06
4-M 17.33 25.62 13.82
2 5-F 9. 45 9.10 7.36
6-F 7.83 8.14 6.81
— 7-F 7.44 7.52 . 6.10
8-F 4,51 5.23 3.74
—N T-1 0.3 9-M 6.30 8.94 6.28
10-M 9.24 11.18 9.28
~ 11-M 6.68 6.34 5.40
— 12-M 4.51 4.30 3.90
13-F 7.06 7.271 6.45
14-F 6.30 6.78 5.40
- 15-F 5.94 7.52 6.28
. 16-F 8.23 14.79 11.56
- T-1 1.0 17-M 5.57 5.64 3.74
18-M 8.63 11.18 10.09
19-M 10.29 11,18 7.92
B 20-M 10.29 10. 47 9.08
21-F 6.87 6.34 4.89
— 22-F 7.06 8.61 5.75
23-F 6.30 6.20 4,89
24-F 9.04 9.43 7.92
T-II 3.0 25-M 9.87 7.83 6.99
26-M 7.44 7.52 6.63
- 27-M 9.45 9.77 7.73
—_ 28-M 7.44 8.14 8.69
“' 29-F 6.30 6.63 4,06
- 30-F 11.16 13.10 10.29
‘ 31-F 7.83 8.30 6.99
32-F 6.68 6.006 4,23

169



. Sndwstrial BYO-TEST Labsralories, Ire.

27

~— TABLE XIII
— .
) TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
- Blood Chemistry Studies: Serum Glutamic-Oxalacetic Transaminase,
Dade Units/ml
- Dietary Dog
level Number Days:
— Group (percent) and Sex 0 42 84
ucC None 1-M 17 16 18
- 2-M 24 21 21
3-M 24 17 19
4-M 39 20 27
— 5-F 32 20 20
6-F 14 20 18
-F 27 22 15
- 8-F¥ 14 15 14
T-I 0.3 9-M 19 26 14
_— io-M 37 23 13
- 1M 52 22 16
12-M 24 19 14
- 13-F 12 22 13
14-F 8 15 12
15-F 16 13 11
- 16-F 18 23 17
— T-11 1.0 17-M 22 23 13
| | 18-M 29 25 16
19-M 39 - 32 23
- 20-M 29 31 20
21-F 22 19 14
22-F 17 19 14
- 23-F 24 22 24
24 F 17 27 23
- T-Ii1 3.0 25-M 32 23 24
26-M 22 24 16
27-M 22 22 18
- 28-M 30 25 15
e 29-F 17 26 15
{ 30-F 30 31 21
31-F 21 31 18
32-F 22 25 18
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TABLE XIV

28

v TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
- Blood Chemistry Studies: Serum Glutamic-Pyruvic Transaminase,
Dade Units/ml
Dietary Dog :
Level Number Days:

- Group (percent) and Sex 0 42 84
ucC None 1-M 15 15 17
-— 2-M 66 19 217
3-M 15 16 24
4-M 15 15 27
— 5-F 15 14 15
6-F 15 15 16
T-F 15 - 15 16
- 8-F 15 15 18
T-X 0.3 9-M 15 15 21
- 10-M 24 16 21
- 11-M 24 15 19
- 12-M 15 19 30
- 13-F 16 17 26
14.F 15 15 15
— 15-F 15 15 15
16-F% 15 15 18
- T-1I 1.0 17-M 15 15 24
18-M 15 15 18
19-M 16 16 31
- 20-M 15 15 17
21-F 15 14 15
22-F 15 15 20
- 23-F 15 17 17
24-F 15 14 15
- T-11 3.0 25-M 15 15 17
26-M 15 19 39
27-M 15 19 23
- 28-M 16 15 24
g 29-F 14 14 15
L 30-F 15 16 23
31-F 15 23 28
32-F 15 17 24
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—_ G. Urine Analyses '

- The results of the urine analyses are presented in Tables

XV through XVIIL

Urinalysis revealed no significant abnormalities at any of
- the levels tested.
Vi

29
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—

30
TABLE XV
TEST MATERIAL: Kasal
90 -Day Subacute Oral Toxicity Study - Beagle Dogs
Urine Analyses: Albumin,
mg/100 ml
Diectary Dog
Level Number Days:
Group (percent) and Sex 0 42 84
. uc None 1-M 10 0 0
2-M 10 0 0
3-M 0 0 0
4-M 10 10 0
5-F . -0 0 0
6-F 10 11-50 0
9«F 10 0 11-50
8-F 0 0 0
T~1 0.3 9-M 10 0 0
_ 10-M 0 0 0
-11-M 0 0 0
12-M 0 0 0
13-F 10 0 0
14-F 0 0 0
15-F 0 0 0
16-F 0 0° 0
T-1I 1.0 17-M 0 Y 0
18-M 0 0 0
19-M 0 - 10 0
20-M 0 0 0
21-F 10 0 0
22-F 0 0 11-50
23-F 0 0 10
24-F 0 0 0
T-11 3.0 25-M 0 0 0
26-M 0 0 0
27-M 0 0 0
28-M 0 0 0
29-F 0 11-50 11-50
30-F 0 0 0
31-F 0 0 0
32-F 0 0 0
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— , TABLE XVI
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Stﬁdy - Beagle Dogs

Urine Analyscs: Glucose,

mg/100 ml
- Dietary Dog
Level Number Days:

- Group (percent) and Sex 0 - 42 84
ucC None 1-M 0 0 0
— 2-M 0 0 0
3-M 0 0 0
4-M 0 0 0
— 5-F% 0 0 0
6-F 0 0 0
7-F 0 4} 0
- 8-F 0 0 0
T-1 0.3 9-M 0 0 0
=N 10-M 0 0 0
- 11-M 0 0 0
12-M 0 0 0
- 13-F 0 0 0
14-F 0 0 0
15-F 0 0 0
- 16-F 0 0 0
- T-1I 1.0 17-M -0 0 0
18-M 0 0 0
19-M 0 0 0
- 20-M 0 0 0
21-F 0. 0 0
22-F 0 0 0
Kt 23-F 0 0 0
24-F 0 0 0
- T-II 3.0 25-M 0 0 0
26-M 0 -0 0
27-M 0 0 0
- 28-M 0 0 0
—~ ' 29-F 0 0 0
§ ' 30-F 0 0 0
31-F 0 0 0
0 0 0

32-F
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90-Day Subacute Oral Toxicity Study - Beagle Dogs

TEST MATERIAL:

Urine Analyses:

TABLE XVII

Kasal

p_H

32

Group

Dietary
Level
(percent)

¢ Dog
Number
and Sex

’

o

Days:
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TABLE XVIIL
TEST MATERIAL: Kasal

90-Day Subacute Oral Toxicity Study - Beagle Dogs

Urine Analyses: Microscopic Elements,
average per high power field - Leukocytes

Dietary Dog
Level Number Days:
Group (percent) and Sex 0 42

oo
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TABLE XVIII continued
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Stﬁdy - Beagle Dogs

Urine Analyses: Microscopic Elements,
‘average per high power field - Erythrocytes

Dietary Dog
Level Number . Days:
Group (percent) and Sex 42

o
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- TABLE XVIiI continued
) \ TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
- - Urine Analyses: Microscopic Elements,
average per high power field - Crystals
~ Dietary Dog ,
Level Number Days:
Group ({percent) and Sex 0 42 84
ucC None 1-M 1-3 1-3 1-3
2-M 1-3 1-3 1-3
‘ 3-M 1-3 1-3 1-3
4-M 1-3 1-3 1-3
— 5-F 1-3 1-3 1-3
6-F 1-3 1-3 1-3
7-F 1-3 1-3 1-3
— 8-F 1-3 1-3 1-3
T-I 0.3 9-M 1-3 1-3 1-3
— 10-M 1-3 1-3 1-3 .
- 11-M 1-3 1-3 1-3
o 12-M 1-3 1-3 1-3
- : 13-F 1-3 1-3 1-3
14-F 1-3 1-3 1-3
15-F% 1-3 1-3 . 1-3
- ' . 16-F 1-3° 1-3 1-3
— T-I 1.0 17-M 1-3 1-3 1-3
18-M 1-3 1-3 1-3
19-M 1-3 1-3 1-3
— 20-M 1-3 1-3 1-3
21-F 4 1-3 1-3
: 22-F 1-3 1-3 1-3
- ‘ ' 23-F 1-3 1-3 1-3
24-F 1-3 1-3 1-3
- T-11I 3.0 25-M 4 1-3 1-3
26-M 1-3 1-3 1-3
27-M 4 1-3 1-3
- : 28-M 4 1-3 1-3
. 29-F 1-3 1-3 1-3
(,f : 30-F 1-3 1-3 4
-~ 31 1-3 1-3 1-3
32-F 1-3 1-3 1-3
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O "H. Pathologic Findings

1. -Organ Weight Data .

The organ weight data are presented in Tables XIX through

XXVIL.

No significant abnormalities were noted among any levels

s

- tested.
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— TABLE XIX
. TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs

-~ Organ Weight Data: Liver

- Dietary Dog Organ
Level Number Weight Organ/Body Weight Ratio
Group (percent) and Scx (g) : (g/1,000 g)
ucC None 1-M 400.0 36.7
2-M 402. 1 34,7
- 3-M 445, 9 37.5
4-M 364.4 36.8
— 5% 273.9 34.8
6-F 301.7 33.9
7-F 439, 2 42.2
p— 8-F 294. 4 37.7
T-1 0.3 - 9-M 324.9 35.7
—_— 10-M 316.8 35.2
’ ~ 11-M 373.9 34.9
12-M 363.8 34.6
- 13-F% 222.3 33.7
14-F 270.5 32.2
15-F 355.0 39.0
- : » 16-F 473, 4 - 37.9
T-11 1.0 17-M 409. 2 33.8
—

18-M 413.2 37.6
19-M 373.2 34,6
— . - 20-M 377.6 34,3
21-F 211,11 35. 8
22~-F 249.6 35,2
-~ , _ 23-T 211.8 38.5
24-F 316.8 35.2
~ T-III 3.0 25-M 290. 6 36.3
26-M 414. 6 37.7
_ 27-M 372.0 38.8
- , 28-M 345.7 39.3
' 29-F ©403.7 38.4
o ' 30-F 200.8 36.5
31-F 354. 4 34,1
321 280.9 36.0
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TABLE XX

38

-
N TEST MATERIAL: Kasal
- 90-Day Subacute Oral Toxicity Study - Beagle Dogs
—~ Organ Weight Data: Kidneys
- Dietary Dog Organ
Level Number Weight Organ/Body Weight Ratio
Group (percent) and Sex (g) (g/1,000 g)
ucC None 1-M 68.7 6.30
2-M 69.7 6.01
o~ 3-M 68. 4 5.75
4-M 71.4 7.21
5.-F 48.5 6. 06
~- 6-F 57.2 6.43
7-F 64.8 6.23
8-F 48. 4 6.20
T-1 0.3 9-M 66.2 7.28
-~ 10-M 49.8 5.53
11-M 69.8 6.52
12-M 66. 2 6. 30
- 13-F 41. 6 6. 30
14-F% 48.7 5.80
15-F 56.7 6.23
— 16-F 63.8 5.10
T-1I 1.0 17-M 74.6 6.16
~ 18-M 69.8 6.34
19-M 63.8 5.91
20-M 72.0 6.54
- 21-F 39.2 6. 64
22-F 40.2 5.66
23-F 35.3 6. 42
- 24-F 54.7 6. 08
- T-III 3.0 25-M 55.9 6.99
' 26-M 79.0 7.18
27-M 62.5 6.51
— 28-M 59.7 6.78
29-F 59.5 5.67
e 30-I° 38.5 7.00
,-(- 31-F 55.5 5.34
32-F 50.7 6.50
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TABLE XXI

39

o~
N TEST MATERIAL: Kasal
= 90-Day Subacute Oral Toxicity Study - Beagle Dogs
Organ Weight Data: Heart
-
— Dictary Dog Organ
Level Number Weight Organ/Body Weight Ratio
Group {percent) and Sex (g) (g/1,000 g)
ucC None 1-M 91.9 8.43
2-M 99.3 8.56
~ 3-M 107.6 9. 04
4-M 86.1 8.70
5-T 4.3 9.29
~— 6-F 92.7 10. 4
7-F 78.3 7.53
g-F 70.9 9. 09
T-I 0.3 9-M 81.1 - 8.91
o~ 10-M 74.0 - 8.22
11-M 84.5 7.90
12-M 102.0 9.71
—~ 13-F 59. 8 9. 06
14-F 70.4 8.38
15-F 57.8 6. 35
- 16-F 108. 2 8. 66
T-1I 1.0 17-M 113.5 9.38
-~ 18-M 164.5 9.50
19-M 99.8 9.24
. 20-M 89.2 8.11
~ 21-F 56.0 9. 49
22-F " 63.1 8.89
23-F 51.8 9.42
. 24-F 69.5 7.72
— T-1II 3.0 25-M 70.0 8.75
26-M 93.0 8.46
27-M 88. 4 9.21
- 28-M 75.7 8. 60
29-F 97.7 9.30
) (/\ 30-T 58.5 10.6
— 31-F 81.5 7.84
32-F 67.5 8. 65

169



- ﬂnc;’ui“ﬁ:&dl BIO-TEST Labsralorics, Inc.

40

p— TABLE XXII
f'\\
! TEST MATERIAL: Kasal
-
90-Day Subacute Oral Toxicity Study - Beagle Dogs
= Organ Weight Data: Brain
8 Dietary Dog Organ '
Level Number Weight Organ/Body Weight Ratio
- Group (percent) and Sex (g) (g/1,000 g)
ucC None 1-M 76.7 7.04
— 2-M 86.5 7. 46
3-M 90.5 7. 60
4-M 78.6 7.94
- 5-F 82.0 10. 2
L 6-F 85.5 9.48
7-F 78.0 7.50
— 8-F 78.3 10.0
: T-I 0.3 o9-M . 80.0 8.79
~ 10-M 77.5 8. 61
- 11-M 72.1 6.74
o 12-M 87.2 8. 30
- 13-F 75.9 11.5
14-F 72.7 - 8.66
15-F 70.9 7.79
- 16-F 80. 2 6. 42
— T-11 1,0 17-M 86. 4 7.14
18-M 81.4 7.40
19-M 76.0 7.04
- 20-M 85.6 7.78
2l-F 75.2 12.7
22-F 66. 4 9.35
— 23-F 69.5 12. 6
Y4-T 64. 4 7.16
~ T - 11T 3.0 25-M 66. 6 8.32
26-M 78.8 7.16
27-M 84.0 8.75
- 28-M 67. 4 7. 66
o~~~ 29-T 77.5 7.38
o 30-F 64. 2 11.7
) 31-F = 78.3 7.53
32-F 68.5 8.78
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- ’ TABLE XXIII
( N ' :
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
. Organ Weight Data: Spleen
p—
Dietary Dog Organ .
Level Number Weight Organ/Body Weight Ratio
— Group (percent) and Sex (g) (g/1,000 g)
ucC None 1-M 22.2 2.04
- 2-M 16.2 1. 40
3-M 35.8 3.01
4-M 16.2 1. 64
p— 5-F 16.9 2.11
6-F 23.6 2. 65
7-F 25.4 2.44
— 8-F 18.5 2.37
— T-1 0.3 9-M 15.5 1. 70
- : ) 10-M 19.2 2.13
) : - 11-M 22.0 2.06
o 12-M 27.6 2.63
8 13-F 9.9 1.50
» ) 14-F . 19. 6 2.33
— ) 15-F 16.4 1.80
' : - 16-F 41.8 3.34
— T-1I 1.0 17-M 25.0 2. 06
‘ 18-M 21.4 1. 94
19-M 31.3 2.90
-~ 20-M 214 1. 94
' : 21-F 10.0 1.70
_ 22-F 14.5 2.04
- ' 23_F 16.0 2.91
‘ 24-F 18.0 2. 00
. T-III 3.0 25-M 13.8 1. 72
26-M C 16,7 1.52
27-M 20.2 2.10
- 28-M 23.1 2. 62
N : 29-F 19. 4 1.85
,;‘ 30-F 14.8 2.69
~ 31.F 20.6 1.98
32-%F 16. 4 2.10
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TABLE XXIV

TEST MATERIAL: Kasal

90-Day Subacute Oral Toxicity Study - Beagle Dogs

42

Organ Weight Data: Gonads
Dietary Dog Organ
Level Number Weight Organ/Body Weight Ratio
Group (percent) and Sex (g) (g/1,000 g)
ucC None 1-M 5.4 0. 495
2-M 17.0 1.46
3-M 15.5 1.30
4-M 9.5 0.960
5-F 0.586 0.0724
6-F 0.621 0.0675
7-F 0.509 0. 0485
8-F 0.489 0.0612
T-1 0.3 9-M 18.0 1.98
10-M 14.5 1. 61
11-M 11.0 1.03
12-M 23,1 2,20
13-F% 0. 437 0.0643
14-F 0.494 - 0, 0581
15-F% 0. 634 0.0721
16-F% 0.768 0.0635
T-1I 1.0 17-M 10.8 -0.893
18-M 18.1 1.64
19-M 14,1 1.31
20-M 6.0 0.545
Z21-F -0.477 0.0809
22-F 0.462 0.0651
23-T 0.387 0. 0691
24-F 0.530 0.0582
T-III 3.0 25-M 10.8 1.35
26-M 15.5 1.41
27-M 16,2 1. 69
- 28-M 14. 1 1. 60
29-F 0. 750 0.0708
30-F 0.336 0. 0635
311 0.626 0.0596
321 0.494 0.0641
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TABLE XXV

TEST MATERIAL:

90-Day Subacute Oral Toxicity Study - Beagle Dogs

Organ Weight Data:

Adrenal Glands

Dietlary Dog Organ
Level Number Weight Organ/Body Weight Ratio
Group (percent) and Sex ‘ {g) (g/1,000 g)

ucC None’ 1-M 0.942 0.0856
2-M 0.956 0.0803
3-M 1.088 0.0884

4-M 0. 966 0.0947

5_F 0. 745 0.0919

6-T 0.831 0.0903

7-F 0.941 0.0896

8-F 0.8067 -0.108

T-1 0.3 9-M 0.811 0.0872
10-M 0.816 0.0907
- 11-M 0.950 0.0872

12z-M 0.978 0.0889

13-F 0.619 0.0911

14-F 0.867 0.102

15-F 0.847 0.0963

16-F 1.026 0.0848

T-1I 1.0 17-M 1.20 0.0932
' 18-M 0.972 0.0876
19-M 0.866 0.0825
20-M 0.917 0.0849

21-F 0.568 0.0963

22-F% 0.597 0.0841

23-F 0.556 0.0992

24-F% 0.831 0.0913

T-1I1 . 3.0 25-M 0.737 0.0888
26-M 1.046 6.0917

27-M 0.010 0.101

28-M 0.788 0.896
29-F 0.011 0.0954

30-T 0.489 0.0923

31T 0.864 0.0823
321 0. 669 0.0869
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TABLE XXVI

44

o~
C TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Organ Weight Data: Thyroid Gland
Diclary Dog Organ
Level Number Weight Organ/Body Weight Ratio
— Group ({percent) and Sex (g) “(g/1,000 g)
o UcC None 1-M 0.981 0.0892
- 2-M 1.102 0.0951
3-M 1.201 0.0976
4-M 1.166 0.114
- 5-F 0.844 0.104
6-F 0. 907 0.0986
— 7-F 1.005 0.0957.
8-F 0.804 0.100
— T-1 0.3 9-M 0. 866 0.0931
- 10-M 0.767 0. 0852
. 11-M 0.994 0.0912
— 12-M 1.042 0.0947
13-F 0.741 0.109
14-F 0. 745 0.0876
- 15-F 0.823 0.0935
. 16-% 1.106 0. 0914
a T-1I 1.0 17-M 1.214 0.0941
18-M 0. 997 0.0898
19-M 0.969 0.0923
- 20-M 1.064. 0.0985
21-F 0.529 0. 0896
22-F 0.802 0.113
= 23-F 0.518 0.0925
24.-F 0. 808 0., 0888
T-111 3.0 25-M 0.872 0.105
26-M 1.080 0. 947
p- 27-M 0.918 0.0918
— 28-M 0.778 0. 0895
Lo 29-F 0.976 0.0921
- 30-F 0.501 0.0946
N 31-F 0.938 0.0893
32-F 0.839 0.109
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TABLE XXVII
TEST MATERIAL: Kasal
90 -Day Subacute Oral Toxicity Study - Beagle Dogs
Organ Weight Data: Pituitary Gland
Dictary Dog Organ
Level Number Weight Organ/Body Weight Ratio

Group (percent) and Sex “° (2) . (g/1,000 g)
UcC None 1-M 0.083 0.00754
2-M 0.098 0.00828

3-M 0.085 0.00693

4-M 0.072 0.00708

5-F 0.064 0.00791

6-F 0.077 0. 00842

7-F 0.073 0. 00697

8-F 0.052 0.00648

T-1 0.3 9-M 0.067 0.00721
_— , ) 10-M 0.062 0.00693
- 11-M 0.089 0.00713

12-M 0.078 0.00713

13.F% 0. 045 0.00656

14-F% 0.070. 0.00821

15-F% 0.064 0.00727

16-F 0.077 0.00639

T-1I 1.0 17-M 0.096 0.00747
‘ 18-M 0.090 0.00813

19-M 0.073 0.00692

20-M 0.084 0.00777

21-F 0.044 0.00743

22-F 0.062 0.00671

23-F 0. 046 0.00814

24-F 0.072 0.00791

T-1II 3.0 25-M 0.057 0.00682
26-M 0.086 0.00757

27-M 0.084 0.00841

28-M 0.071 0.00797

— 29-F 0.069 0.00648
' 30-F 0. 044 0.00839
31-T 0.074 0.00709

32-F 0.070. 0.00913
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—_— 2. Gross and Histologic Findings
- The gross and histologic findings are presented in Tables
KXVII through XXXI. All tissues and organs not mentioned were normal.
oo
The grading system used is as follows:
+ = minimal or slight
_ ++ = mild
_+++ = moderate
++++ = severe
— +++++ = extreme
—
pp—
fo_—
. /A\
-
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- IBT No. J749
—_— SfanfCI‘

I have completed a histopathologic evaluation of sections of
- tissues from dogs of the above study. There are a few calcified micro-

conretions present in the lumen of renal tubules located at the corti-

comedullary junction and/or medulla of the kidney of some control -
- and test animals which are attributed to naturally occurring disease.
—_ However, in three of the Group T-III animals (Nos. 25, 26 and 32) the

renal concretions are unusually large and more numerous than those
—

normally observed in untreated control dogs and are thought to be
— related to the experimental procedure.

There are no other changes that can be attributed to the test

p—~ ' '

" material or the test procedure.

- - . Gpecton
: Donovan E. Gordon, D.V.M., Ph. D.
- : ‘ Diplomate, American College of

. A VYeterinary Pathologists
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TABLE XXVIII -
" TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Gross and Histologic Findings
\
Untreated Control Group
Dog
Number
and Sex Organ Gross Grade Histologic Grade
1-M Liver ) - - Focal lymphoid infiltrations +
Lungs - - Focal interstitial pneumonia ++
Prostate - - Focal chronic prostatitis ++
Spleen - - Hemosiderosis +
2-M Lungs - - Chronic interstitial pneumonia ++
3-M Heart - - Congestion +
Liver - - Focal lymphoid infiltration +
Lungs - - Focal interstitial pneumonia ++
4-M Liver - ‘ - Congestion +
Lungs - - Chronic interstitial pneumonia ++
Spleen - ' - Hemosiderosis +
5-F Liver - - Congestion 4+
: . Focal lymphoid infiltration +
Lungs - - Chronic interstitial pneumonia +
' ' Hyperemia +

et

oMy ‘porppiepny 1 § 3 1 - 019 7:771;}{1:;):-,'5

8y
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TABLE XXVII continued
“TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Cross and Histelogic Findings
, :
Untreated Control Group
Dog
Number
“and Sex Organ Gross Grade ' Histologic Grade
6-F Liver - - Congestion +
Lungs - - Chronic interstitial pneumonia +
Uterus - - In estrus -
- 7-F Ovaries - .- Proestrus -
iver - - . Congcstion ++
8-F Lungs' - - " Chronic intersitital pneumonia o+

oup orgoopsy L§AL- 018G 1P T

691



) ) )
TABLE XXIX
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Gross and Histologic Findings
\ :
Test Group I: 0.3 percent
Dog
‘Number '

and Sex Organ Gross Grade ' Histologic Grade

9-M Liver - - Congestion +

Lungs - - Hyperemia +

10-M Liver - - Congestion +

' Lungs - - Chronic interstitial pneumonia . +

11-M Kidneys - - TFocal lymphoid infiltration +

Lungs - - " Congestion ' +

Focal lymphoid infiltration +

12-M Liver - - Congestion +

Lung - ' - Chronic interstitial pneumonia ++

13-F Liver - - Focal lymphoid infiltration +

Lungs - - Chronic interstitial pneumonia +

14-1 Liver - - Congestion ++

Lungs - -- Bronchopneumonia ++

ony moregeiepey LS L QNG 1Y -

0s
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TABLE XXIX continued
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Béagle D-ogs
Gross and Histologic Findings
i
Test Group I: 0.3 percent
Dog
Number
and Sex Organ Gross Grade Histologic Grade
15-F Liver - - Focal lymphoid infiltration +
Lungs - - Chroenic interstitial pneumonia +
16-F Liver - - Congestion +
‘ Lungs - - Chronic interstitial pneumonia . ++

o ongpepsy 153 L-019 PP -
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TABLE XXX
TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study -~ Beagle Dogs
Gross and Histologic Findings
i
Test Group II: 1.0 percent
" Dog
Number :
and Sex Organ Gross Grade Histologic Grade
17-M Lungs - - Hyperemia +
Chronic interstitial pneumonia ++

18-M Liver - - Congestion +

Lungs - - Chronic interstitial pneumonia . +
19-M - - - - -
20-M Lungs - - Chronic interstitial pneumonia +
21-F Liver - - Congestion +

Lungs - - Chronic interstitial pneumonia ++

Bronchopneumonia ++

22-F Liver - - Congestion +

Lungs - - Chronic interstitial pneumonia +

oy ‘rarpeiopny L S 3L - OV PTG -
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TABLE XXX continue’d
" TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs
Gross and Histologic Findings

1
Test Group II: 1.0 percent

Dog
Number
~and Sex Organ Gross Grade ____Histologic Grade

23-F Liver - - Congestion +
Lungs - - Chronic interstitial pneumonia +
Mesenteric - - Hyperemia +

lymph node

Pancreas - : - Hyperemia +

24-F Lungs - - Chronic interstitial pneumonia , +

o FeEepsy §SAL-01G PTR
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TABLE XXXI
TEST MATERIAL: Kasal
90«Day Subacute Oral Toxicity Study - Beagle Dogs

Gross and Histologic Findings

Test Group III:' 3.0 percent

Dog
Number
and Sex Organ Gross Grade Histologic
25-M Liver - - Congestion
Kidney - - Tubular concretions
26-M Liver - - Congestion
- Kidney - - Tubular concretiong
27-M Liver - - - Congestion
Lung - - - Chronic interstitial pneumonia
Prostate - - Chronic focal prostatitis
28-M Kidneys - - Focal lymphoid infiltration
Lungs. - - Chronic interstitial pneumonia
29-F Liver - - Congestion
Lungs - - Chronic interstitial pneumonia
30-F Liver - - Congestion
Lungs - - Chronic interstitial pneumonia
31.F Liver - - Congestion

++
++

+

—
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TABLE XXXI continued
"TEST MATERIAL: Kasal
90-Day Subacute Oral Toxicity Study - Beagle Dogs

Gross and Histologic Findings
i
Test Group 1II: 3.0 percent

oup rongewpey 1S3 L-O1E P

Dog
Number
‘and Sex Organ Gross Grade Histologic Grade
32-F Gonads - - Calcified follicle +
Kidneys - - Tubular concrections 4
Liver - - Focal lymphoid infiltration +
Spinal cord = - - Calcified debris in central canal +

G4
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ALUMINIUM RETENTION AND TOXICITY
IN CHRONIC RENAL FAILURE

H. THUrsTON G. R. GILMORE
J. D. Swares

Department of Medicine, Aanchester Universitv,
and Universities’ Research Reactor, Risley, Lancashire

Aluminium hyvdroxide is extensively
used to correct the hyperphosphatemia
of chronic renal failure, and it has been suggested
that toxic amounts of aluminium are absorbed from
this preparation. This hypothesis has been examined
by administering aluminium hydroxide to normal
growing rats and rats with chronic renal failure.
Renal failure increased the deposition of aluminium
in bone. Aluminium hydroxide impaired the growth-
rate of normal rats and produced rachitic bone changes,
but this effect could be corrected by phosphate
supplements. No impairment of growth was pro-
duced by aluminium hydroxide in hyperphosphatzmic
uramic rats and no other pathological abnormalities
could be demonstrated. Patients with chronic renal
failure treated with aluminium hydroxide for pro-
longed periods showed similar bonv levels of alu-
minium to the rats. The present work, whilst indicating
that small quantities of aluminium are deposited in
bone in chronic renal failure, indicates that aluminium
hydroxide is non-toxic if hrpophosphatxmia is
avoided.

Swmmary

Introduction

PaTiENTs with chronic renal failure usually develop
hyperphosphatzmia, with a consequent danger of
metastatic calcification.”* Oral aluminium hydroxide
(* Aludrox °) is extensively used in such patients to
lower the serum-phosphate level. Whilst it bas heen
assumed that the aluminium so given is excreted in
the faeces as insoluble aluminium phosphates, Berlyne
et al.? found raised serum-ahuninium levels in some
patients to whom aluminium hwvdroxide had been
administered, and they have suggested that aluminium
is retained in renal failure.* Bﬂmcx et al.* found evi-
dence for retention of wvery large quantities of
aluminium in balance stndies in chronic renal failure.
On the other hand, the little that is known of alu-
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minium toxicity suggests that it is attributable to
phosphate depletion.®

The present investigation was conducted to see if
aluminium deposition in the tissues is greater than
normal when aluminium hydroxide is administered in
chronic renal failure, and to assess the toxicity of this
compound when hypophosphatzmia is prevented.

Materials and Methods

Groups of six weanling rats of the same mean weights
were given (2) wholemeal diet; (b) wholemeal diet with
aluminium hydroxide 32 g. per kg. added; (¢) wholemeal
diet with aluminium hvdroxide plus 10 g. per kg. disodium
hydrogen phosphate; or (d) prepared by three-quarters
partial nephrectomy with a contralateral nephrectomy and
given dict ().

The animals were weighed weekly, and, after 4 weeks,
were killed for blood-samples and complete post-mortem
examination. Possible tissue contamination was avoided
by removing the gur intact and unopened. Liver, kidney,
and heart specimens were obtained for histology and
analysis.  The skeleton from cach animal prepared by
scraping was weighed after a tibia had been removed and
a line test for rachitic change carried out. All the tissues
were ashed at 400°C. dissolved in ion-exchange-purified
0-5M nitric acid, then run through an © Amberhite * CG-120
(H*) column to separate out the aluminium from the
phosphate and caleium.  The column was activated by
thermal neutrons and the activity of aluminium-28 counted
using a Ge (Li) derector. The activity of the column
itsclt was subtracted using counts taken from a previous
irradiztion of the coiumn.  Measurement of standard
solutions of alwninium nitrate by this technique gave a
mean crror of 4°

Post-mortem fhac-crest bone specimens obtained from
patients in advanced renal failure, with a known duration
of aluminium-hydroxide treatment, were dricd and ashed
for aluminium determination by the same method.

A Results

No animal died during aluminium-hydroxide
administrarion.

Measurement of food intake indicated that rats
consumed  6:0-10-0 mg. of aluminium per day,
equivalent to a daily intake of 60 ml. of aluminium-
hydroxide suspension by an adult 70 kg. man. Admini-

70
GOoF Al (0H)3 7
+phosphate ’,f"
50+ b
> aat .
%
L
o 30F 1
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0 1 L 1 1 1
o 1 2 3 4
WEEKS

Growth of rats treated with aluminium hydroxide or aluminium
hydroxide with supplemental phosphate compared with
growth-rate in normal animals,
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stration of aluminium hydroxide caused a significant
impairment of growth at 3 and 4 wecks (P <0.05, sce
figure).

Animals receiving both aluminium hydroxide and
the phosphate supplement showed a normal rate of
growth (see figure). There was significant impair-
ment of growth in uramic rats but identical growth
curves were obtained for aluminium-hvdroxide-
treated and untreated uremic rats. Blood-urea levels
in these animals ranged between 79 and 130 mg. per
100 ml. (mean 98 mg. per 100 mbL). Normal animals
had blood-ureas ranging from 9 to 60 mg. per 100 ml.
(mean 33 mg. per 100 ml.). Normal animals given
aluminium hydroxide were hypophosphatamic: the
plasma-phosphate was normual or raised in the other
groups (table 1). Plasma-calcium was low in control
animals (table 1), reflecting the low calciwum content
of the diet. The line test indicated rachitic change in
the normal rats treated with aluminium hydroxide.
The line tests of the other animals were normal (table
). Histological examination of the tissues of all
groups showed no abnormality. No cye lesions were
found, although other animals in poor general state
from the same colony not receiving aluminium hydrox-
ide showed the hamorrhagic eye lesions described by
Berlyne et al.* These were attributed to infection.

Skeletal aluminium content was raised in the normal
animals given aluminium hydroxide or aluminium
hydroxide and phosphate, although the difference

TABLE 1—PLASMA CALCIUM AND PHOSPHATE OF
EXPERIMENTAL GROUPS

| Plasma- ' Plasma-
Group | calcium phosphate
| (mg /1\)0 ml ) Ung 100 ml.;
Control . .. ! 6 ‘i 05
Aluminium hy dro‘ud; .. o ~_l -6
Aluminium hydroxide - phosphate - . 3 15
Uramic rats: aluminium hydroxide i ERSE o514

v
TABLE II—LINE TEST OF RACHITIC CHANGE AND SKELETAL
ALUMINIUM CONTENT OF EXPERIMENTAL GROUPS

] Aluminium content
I Mean of skeleton
Group I line-test - s s
score | Meun i ! Difference
(normal | smMm. | from
=5) g.100 g controls
! |“ ct weight)
Control .. .. .. i 5 : i
Aluminium h\dromdc .. e 2 ! N.S.
Aluminium hydroxide - phosphate : 5 | 943 1256 N.S.
Urxmic rats: aluminium : ]
hydroxide .. .. .. 5 14724346 | p<005

TABLE IH-—ALUMINIUM CONTENT OF ILIAC-CREST BONE IN PATIENTS
DYING OF CHRONIC RENAL YAILURE AFTER ALUMINIUM-HYDROXIDE
TREATMENT

Bone aluminium -

Duration of aluminium-

hydroxide therapy ] (ug./100 g. wet

| weight) (mg. kg. calvium)
Nil .. - .. e 1451 ' 189
Twk, .. e e s .. 1273 135
5mo. .. .. .. e 910 i 103
7mo. .. .. .. P 920 212
16 mo. .. i 735 i a7
19 mo. .. J 939 ! 147
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between these and the control groups was not statisti-
cally significant (table 11). Urmmic animals showed
significantly higher skeletal aluminium levels (table 11).
Pooled liver specimens showed a mean aluminium
content of 78 pg. per 100 g. wet weight in the control
rats; 37 pg. per 100 g, in the normal animals receiving
aluminium hydroxide; and 66 ug. per 100 g. in uremic
rats given aluminium hydroxide.  Corresponding
figures for the hearts were 2:6 mg. per 100 g., 3-1 mg.
per 100 g, and 2-5 mg. per 100 g. Aluminium content
of the normal rats’ kidneys was 4-1 mg. per 100 g. and
the aluminium content of the aluminium-hydroxide
treated animals was 42 mg. per 100 g.  The total
ashed weight of the heart and kidneys was, however,
small, and the accuracy of the method is correspond-
ingly less. The uramic rats’ kidneys were not studied
because of the small amount of residual renal tissue.
Patients showed bone-aluminium levels of the same
order as the rats. The observed value was independent
of the duration of aluminium-hydroxide therapy
(table 1),

Discussion

Aluminium is a common element found mainly in
rocks rather than in soil or natural waters. Conse-
quenily only small quantities of aluminium are found
in plants, and even less in animal tissues. Tt is believed
to be poorly absorbed as a result of the formation of
insoluble aluminium phesphate in the gastrointestinal
tract.  Chemical estimations indicate that animal
tissues contain between 010 and 16 mg. of aluminium
per 100 g. wet weight,? Chronic toxic effects of high
doses of aluminium given orally seem to be assceiared
with the disturbance of phosphate metabolism. These
disturbances give rise to hypophosphatemia, failure
of growth, rickets,* low red-blood-cell A.T.p. levels,
and reduced liver giveogen storage.”

Most patients with advanced renal failure are given
large quantities of aluminium hydroxide without ill-
eftect.  Occasional uraemic patients have developed a
phosphate deficiency,* and one patient was shown to
have reduced red-blood-cell A.T.p. activity which was
correlated with serum-phosphate level,

Parsons ct al.!! measured the aluminium content of
biopsy and necropsy bone specimens in chronic renal
failure. Some patients had large quantitics of alu-
minium in the bone which, surprisingly, was not
necessarily associated with aluminium-hydroxide ther-
apy. Thesc mcasurcments were made on untreated
bone ash by acuvation analysis, without allowance for
the activation of phosphorus to aluminium-28 by the
3P (,%)*Al reaction.!?* The latter reaction, as
judged by some of our early results using a similar
method, can account for a variable increase in alu-
minium <ontent of bone ash ranging from 15 to
10 times, compared with figures obtained after rernoval
of phosphate by our method. OQur results expressed
as bony aluminium,calcium ratio are therefore about
one-tenth of those found by Parsons et al.*? (table 111).
Suggestions by Bailey et al.’ that aluminium hydroxide
lowers serum-phosphate by forming aluminium phos-
phate in bone would require an aluminium content of
the order of 50-100 mg. per 100 g. wet weight, which
is considerably greater than our results or even those
of Parsons ct al.
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Recent claims that aluminium is toxic to urmmic
rats depend either upon the administration of soluble,
astringent aluminium saits orally, or aluminium
hydroxide by intraperitoncal injection.t The severe
systemic effects and mortality  produced by such
materials in already sick animals cannot be extrapola-
ted to the situation where insoluble aluminium
hydroxide is administered orally to man, just as the
demonstrable toxicity of barium chiloride cannot be
used to recommend the withdrawal of barium sul-
phate as a radiological medium. The pathological
abnormalities described by Berlyne et al.' are fre-
quently found in sick and uramic animals, and no
doubt the administration of soluble toxic aluminium
sslts exacerbated this picture.

Our results show that small quantities of aluminium
are retained when aluminium hydroxide is adminis-
tered in renal failure. There is no evidence from our
experiments that these levels are toxic per sc: thus,
phosphate reversed the impairment of growth-rate
without diminishing aluminium retention in bone.
There was no macroscopic or microscopic abnormality
in any of the other organs studied. Bone levels of
aluminium in hwnan patients treated for prolonged
periods were of similar order to those encountered in
our rat experiments, and it secms extremely unlikely
therefore that other toxic effects occur in the human
which cannot be demonstrated in rats. Recent evi-
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dence cannot justify the withdrawal of aluminium
hydroxide as treatment for the hyperphosphatemia of
renal failure—still less has it any bearing on its wide-
spread use as an insoluble antacid,

We thank Mr. Peter Chambers, Mrs. Jean Chadderton,
Miss Ann Doyle, Mr. B. L. Goodwin, Miss Joyce Holand, and
Miss Lynda Robison for the analyses. We are grateful to the
Peel ‘Trust for financial support.
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EXCERPTS OF THE WORK OF THE STUDY COMMISSION ON
FOREIGN SUBSTANCES IN FOODS

ALUMINUM IN FOODS

Report presented to the Study Commission on
"Foreign Substances in Foods"
by L. Truffert

The use of Aluminum for manufacturing utensils destined for food
usage has been advocated by a number of authors and in particular, by
my superior, E. Kohn-Abrest, from 1904, but it also has its detractors
who have attributed the most varied disorders including cancer to the

repeated ingestion of small amounts of Aluminum.

Normal Aluminum

From the work of Kahlenburg and Closs (1), Underhill, Peterman, Gross,
and Krause (2), G. Bertrand and Mme. Levy (3), Yoshii and Jimbo 4,

. Wuhrer (5), Meunier (6) and (7), Webb (8), etc., it has been shown that
Aluminum is normally present in all foods. .

The figures shown by these authors differ somewhat, but it doesn't
appear necessary to discuss their respective worth, because they differ
rather little from those reported in the investigation relating to the
examination of food substances (Minister of Agriculture and Supply, Central
Bureau of Research, 1943). Let us note, however, that products of animal
origin -are much poorer in Aluminum than.those of vegetable.

. According to.Calvery (9), the best estimation of the aluminum content

of food substances includes between 10-30 mg/kg.

Contamination of Foods by Aluminum
The use of aluminum containers for foods is capable of introducing
in them a supplementary amount of aluminum. This metal is very slightly
attacked by pure water, with which on contact only a trace of aluminum,

which is very slightly soluble (1.1x 10'_15

at 18°), is yielded, but this
solubility increases considerably when it is in the presence of acidic or
alkaline solutions. According to Gwyer and Pullen (10), almost neutral
fresh milk does not at all dissolve a measurable fragment of aluminum,
but from tests carried out in December 1943 by the Central Station of
Microbiology applicable to Agricultural Industries of the Ministry of

Agriculture, it was shown that the attack was not negligible, especially
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- when the milk products have been made acidic by the addition of 4 parts
- in 100 of lactic acid. These results have led A. Kling (11) to proscribe
the use of aluminum for the manufacture of containers intended to contain
- liquid foods and most particularly milk products. Such a conclusion was
too stringent as the use of aluminum in dairies was again recommended by
_ -E. Kohn-Abrest (12) and L. Truffert (13).
‘According to Turan (14), an acetic acid solution of 5 parts in 100,
left 40 hours in an aluminum container dissolves only a trace of metal,
- whereas after heating it contains 20 mg. It is mainl& acid or alkaline
foods which react with the aluminum of vessels which contain them.
- Fruit preserves can contain up to 1.45 g/kg and their flavor is altered
from 0.5 g of aluminum per kg.
- . fi(/ However, G. Lunde (28) considers that aluminum boxes offer advantages
of "tin-plated iron boxes for the preservation of certain fish, especially
- sardines in oil. These_aluminum boxes do not impart either any blackening
or metallic taste; they are light and easy to open. Finally, the amount
of dissolved aluminum is slight; from 5 to 64 mg per kg (for 2 to 24 months
- storage) , whereas in boxes of tinned iron, the same author has found 24 to
. 527 mg of tin per kg. However, in boxes stored for many years, G. Lunde,
- | v. Aschégéug and-H. Kringstad (29) have found amounts of aluminum reaching
around 100 mg per kg. ‘
— It is certain that using aluminum containers considerably increases .
the content of this metal in foods. According to Seppili (15), on the
— averége it doubles the normal content.
The Fate of Ingested Aluminum
- The question of the absorption of ingested aluminum has been, highly
debatable and it appears that the contradictory results are the consequence
_ of the lack of sensitivity of some of the methods used to detect the
aluminum.
Burn (16), Mackenzie (17), and Maas (18) have stated that all the
. ingested ‘aluminum is recovered in practice in fecal matter and that only
traces are possibly absorbed, traces too slight to be detected in the
- blood and the urine.
,4/\
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Wuhrer (5) claims that the whole ingested amount is quantitatively
found iﬂ the feces when men and dogs are administered a diet containing
up to 337 g of aluminum per day. One realizes that when working with such
massive quantities of Aluminum it is not poséible to ascertain whether
traces of the order of a few milligrams have been absorbed by the organism,

Tourtequ?é and Rask (19) in administering the very soluble compound,
aluminum chloride, to the rat, likewise concluded that there wasn't any
aluminum absorption. |

On the other hand, Lewis (20) sometimes found aluminum in the blood
after ingestion of this metal, while he regarded the blood plasma as
being normally free of it.

Hove, Elvehljem and Hart (21) accept that a very small amount of
aluminum is reabsorbed and eliminated by the urine. Petitpierre (22)
regards this conclusion as the most reasonable.

It agrees with the results of Kehoe, Cholak, and Story (23), who have
shown with a spectrographic study, the normal presence of Aluminum in the
urine (of 0.02 to 0.17 mg/l) and in the blood (on an average 0.13 mg/l, of
which the greater part is found in the plasma).

Moreover, let us note that the normal presence of aluminum in the
tissues has been very controversial, but we do not here take up this
discussion.

Here is the normal aluminum content of human organs, according to the
spectrographic determinations of Kehoe, Chlolak, and Story (23).

Aluminum in mg per kg
of fresh organ

o
I~

Brain
Lungs
Heart
Liver
Spleen
Kidney
Stomach
Intestines
Long bone
Ribs

w

MUNOCOOMKEHEOWO

;OO PS~WONU
S NN [=))

These authors consider that the elevated aluminum content of the lungs
is due to the inhalation of dust rich in this metal which is one of the

most widespread minerals.
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Calvery (9) thinks that, according to the work of Burn (16), of
Monier-Williams (24), Kehoe, Cholak, and Story (25), that the amount of
aluminum ingested daily would be about 13 mg. Beal, Unangst, Wigman and
Cox (26) have calculated as 10 to 15 mg. Zhe daily amount of aluminum
consumed by an individual eating food cooked in saucepans made with this
metal and calculated that about 5 mg to 12 mg comes from the vessels.

Much larger amounts are given by Datta (27): 50 mg and by Turan (14):
110 mg. However, Turan and Burn agree to accept that about half of the
daily amount they have shown comes from the utensils and the other half
from the foods themseives.

Lunde, Aschenhoug and Keringstad (29) have determined aluminum in
the organs of rats fed for several generations with food kept in aluminum.
They obtained the following results by using precipitation with oxyquinoline
or colorimetric determination with aurine tucarboxylate.

Aluminum in mg per kg in the organs of experimental
rats absorbed from food preserved in Aluminum

Lungs - 2 12 16 22 5
Heart 50 40 70 110 45
Liver 5 4 2 3 -
Spleen 55 40 50 _ 30 -
Kidneys 6 15 11 12 -
Muscle 0

0 12 4 8
. It does not appear that a sufficiently marked auémentation of the

percentage of aluminum has been established to draw a conclusion. In

fact, the spectrographic determinations of Kehoe, Cholak and Story (23)

have shown that the normal aluminum content is very variable, especially

~ in the blood and urine. This appears to indicate that this metal is not

appreciably establisﬁed in the organism and that the proportions found

- depend on the slight amount of ingested aluminum which can be momentarily

absorbed, the largest amount being eliminated in the feces.
" Nevertheless, certain authors like Underhill and Petermann (30 to 35),

have claimed that ingested aluminum has the tendency to be deposited in

‘the liver, the brain, the kidneys, the spleen and the thyroid in very

small amounts; whereas the bile seems to be the most important pathway for
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elimination. There appear to be serious reservations concerning these
conclusions which do not appear to be supported by sufficiently convincing
results. There are likewise some figures shown by Mull and his coworkers
(36), on the subject of which, Kehoe, Cholak and Story {(25), made the

observation that the fact of finding mexe low values when the samples are

.very large indicates an important factor of contamination.

Toxicity of Aluminum
The method of administrat4on of the aluminum has a considerable
influence on its toxicity as has been shown by Bertrand and Sebescu (37)

who, in experiments on the rabbit, have obtained the following results.

Subcutaneous injection of Average Survival of
100 mg/kg 8 h 09
125 mg/kg 6 h 12
150 mg/kg 4 h 31
400 mg/kg 7 h 07

- Aluminum appears therefore about four times less toxic by ingestion
than by subcutaneous injection.

The same-authors (38) studied the toxicity of aluminum compared to

- that of other metals by means of the following procedure: They administered

to guinea pigs by deep injection under the skin, 100 mg of metal per kg
in aqueous sulfate solution of 1 to 1000 {except for Fe31 in the form of
ferric chloride). The survival time of the animals (5 per metal) was
bbservéd and it was found: '

Survive an average of

Copper - - 0 h 52
- 1h
Cadmium - 1 h 19
Cobal - 2 h 17
Zinc - 3 h 01
Manganese — 7 h 14
Iron Trivalent ' —_ 7 h 51
Aluminum — 8L 34
Iron Bivalent —— 8 h 44
The same was found for

the rabbit _

Copper - .0 h 53
Nickel - _ 1nh1ll

Aluminum .- 8 h 09
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This method seems hardly satisfactory to us, because it expresses
rather than the toxicity itself the speed of the toxic action, which for
some compounds, manifests itself by means of a long-term deadly effect at
low doses. WNevertheless, in the case of aluminum it clearly seems that

the toxicity is lower than that of the other metals studied.

Disturbances attributed to Aluminum

Some authors think that ingesting aluminum causes gastro-intestinal
disturbances. Tocco (39) as well as Tchijevsky and Tchiveockaya (40) think
that food which is improperly prepared in aluminum utensils can cause
slight poisoning. _

Putensen (41) has recorded cases of constipation with intestinal
disturbances accompanied by black stools, owing to aluminum. BHe cites
three cases of chronic poisoning from one family, caused by the use of
aluminum containers and indicates the possibility of nervous difficulties
with trembling as well as premature whitening of thé hair.

Other authors have claimed that aluminum causes sterility or that
it initiates the development of cancer. 1In this respect, Tchijevsky
and Tchijevskaya (42) have reported that white mice fed with food pre-
pared in aluminum plates became spontaneously cancerous in the proportion

of 0.85 per 100 as compared with 0.02 per 100 for the controls.

Experimenfs on behalf of Aluminum
Técco and Mulas (43) carried out résearch on the germination of
seeds in the presence of powdered aluminum and on the fermentation of
beer yeast without finding any noxious effect. They likewise performed
toxicity tests on the frog and the rabbit by injecting them with large
quantities of metallic aluminum or by dusting the rabbit food. They did
not find any toxic effect with these animals.

Scott and Holz (44) administered food containing 3.6 parts per 100

of aluminum to rats for more than a year: Growth was perfect and the

blood constitution remained normal.

Mackenzie (17) did not find any aluminum on several successive

generations of rats.



Lunde and his coworkers (29) did not observe an effect on the growth
of mice‘and have not observed any effect on rats for 5 generations.

Furthermore, Bertrand and Serbescu (45) using 116 rabbits treated
with the object of initiating skin cancer, have established that ingesting
aluminum does not increase the proportion of illness (on the contrary!).

Likewise, Baumann (46) was not able to increase the appearance of
cancer by giving mice and rats aluminum salts or the powdered metal.

It appears then that the toxicity of aluminum has been greatly
exaggerated, the symptoms attributed to it have not by any means been

confirmed by the following.

Different Effects of Aluminum

Nevertheless one cannot knowingly say that aluminum does not sometimes
have an effect on the organism, which has not been taken into account.

Kamarov and Krieger (47) have found that admiﬁistering large amounts
of the gel of aluminum hydrate (treatment for gastric ulcer)vreduces the
secretion of gastric juice, neutralizes its acidity and lowers peptic
activity.

Kersner €48) gave men 393 cc of the same gel for 71 days, without
finding disturbances. of the acid-base equilibrium nor of kidney function.

However, absorption of such massive doses, if they are not toxic,

inhibits the proper reabsorption of phosphorus contained in foods as has

been shown in the work of Deobald and Elvehjem (49); Fauley and coworkers (50);

Freeman (51); H. R. Street (52), etc. This disorder appears to be due to
the formation of unsoluble aluminum in the digestive tract. It is harmful
to growth and induces achitism, but is of less significance in adults.
Moreover, iron salts have the same effect.

On the other hand, Schwab (53) brought attention to the effect of

aluminum on certain hormones. This author has established that small

 amounts of aluminum chloride strengthen and pfolong the hypoglycemic effect

of insulin while strong doses inhibit the hormone. It is similar for the

hyperglycemic effect of adrenalin.

Conclusions
It follows from this study that aluminum is not considered a toxic

metal. It exists normally in all foods and using aluminum utensils for
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preparing food is capable of doubling the amount normally ingested.
Furthermore, one can sustain very large doses without harm, because in the
U.5.A., they use a leavening agent based on an aluminum compound and from
this fact that millions of people have swallowed this metal without
experiencing the least harm. According to Kehoe, Cholak and Story (25)
the daily ingestion of 200 mg of aluminum per day is without risk.

But still one cannot tolerate the presence of aluminum in food-
stuffs in excessive amounts even if it does not represent any source of
harm or does not alter the taste. ‘

This is why it appears therefore logical to establish the maximum
admissible content in foods, taking into account the much greater
aluminum content of vegetable products as compared to those of animal
origin:

Aluminum content
Food Substances - (mg/kg)

1. Products of butchery, pork
butchery, tripe shop, poultry,

game 20 (fresh) and 100 (canned)
2. Fish - 20 (fresh) and 100 (canned)
3. Mollusés, crustacenas -29 (fresh) and 100 (cahned)
4. Eggs . 50
5. 0ils and fats ' . .50
6. Milk! : ‘ 50

\

7. Wine, beer, cider, fruit
juice and other alcholic or

other beverages 50
- 8. Vegetables and fruits2 250

9.  Cereals and derived

producf_s2 200
10. Cheeses® 200

11, Sugars, sweetening

substances, jams2 200

Dose expressed per liter.

Content reported moisture free.
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EXTRAITS DES TRAVAUX DE LA COMMISSION D'ETUDE:
DES SURSTANCES ETRANGERES DANS LES ALIVIENTS

L’ALUNMINIUM DANS LES ALIMENTS /(

Rapporl présenté ¢ la Commission d'étude
des « Substances r"[rmyr"r(?s dans les aliments

»

;m/!.. TRUFFERT
L utilisation de Paluminium pour 1
siles destinés i des usages alimentaires
nombreux aufeurs ct, en particulier
Amnusr, deos 1904, mais elle a ey
altribué & Pingestion répclée de
les troubles les plus divers, y

a fabrication d’usten-
a ¢l¢ préconisée par de

aussi ses détracteurs qui ont
petites quantités d’aluminium
compris le ¢anger, .

II est done nécessaire d’¢tudier |
des aliments avan( et aprés s
avee ce mélal, puis de e¢hereh
¢lément Torsqu'il est ngéreé
¢levées, :

a leneur en aluminjum
jour dans des récipients fabriqués
er quel est e métabolisme de eet
tn proportisns plus ou  moins

. ALUMINIUM NoRrwAlL
Il a ét¢ démontre que 'aluminium existail normalement
dans tous les aliments, par les travaux de Kaniespere eof
Cross (1), Uxpenrnm, PeErEnyaN, Gross of Knravse (2), G. Ben-
TRAND et Mme Livy (3), Yosnn ef Jimso (), Weoernnen ), Mev-
Nk (6) et (7), Wenn (8), cte, o

Jes  chiffres
pew, mais il ne se
respectives, car ily s'¢loignent assey peu de ceux signalés dans
PInstructicn  relative a Pexamen des maticres alimentaires
(Ministére de PAgriculture et du Ravitaillement, Burcau Central
des Recherches, 1943). Notons tontefois, que les produits d’ori-
gine enimale paraissent b aucoup plas pauvees en aluminium
tque les végétaux, : ' :

indiqués par ces auleurs différent quelque

a fencir
awres serail comprise enipe !

D'apres Cavveny (N, Ia ‘meilleure estimation de |
en aluminium des maliéres aliment
10 ¢t 30 mg./kg. ‘ ‘

s

e Ak - o .

aut'de la houle ef qu'on

. = - . )
renouveler les quelquesce. de lessive de
stude avant (\'h-'l{‘liw distillation sans . avbir hesoin de vider of

le ‘

e petit appareil
qui recherchent, en
rination

> par moun maitre, K. Konx- -

mble pas ndécessaire de discuter leurs valeurs -
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POLLUTION DES ALIMENTS PAR L'ALUMINIUM
L’'usage de récipients en aluminium pour les aliments est

: i i i ans ceux-ci vantité supplémen-
susceptible dlintroduire dans ceux-vi une g i

taire. d’aluminium. Ce mdtal est frés peu “'_“‘;J“‘l" ;)511‘1(1((-;;;;
pure au contact de laquelle il donne des trz:_cg.s dalumine font
In sclubilité est extrémement faible (1,1.10-% g 18‘), 1‘n‘.u.s\’¢. e
solubilit¢ augmente considérablement lorsqu un se (!.()1’1'4;1' "
présence de solutions alcalines ou acides. D..ul”{(lli-;“.,‘”L.l',m.
Prrren (I0), Ie lait frais presque neutre ne (llf«i\‘()‘l%( ,f;l((tu((s ne
parcelle appréciable d’ahupnuu‘m, mais dc§ (ss\;s (l()"i(- qm)li-
décembre 113 par la Station Centrale fle_.\luni ”l(’)\«;'im;lturo
quée aux Industries agricoles du .\I’mr'storclfhﬂ ‘Am,l,” l()rﬂqU(:
ont montré que }‘utluqutc n(:qxtllylza:n-,‘lcﬁfclb ;)“le”-'(ldition. ue
s produits lattiers ¢taient rendus acides par a on de
11( Spgu(;‘h;(i{) d'acide lactique. Ces ’rcsul!ut_s zxvalcnil‘ld}lll(:jic_
A. Krixg (11) & proserive l’_cn}pl‘(‘:x de lulpxmlm‘m}\} ]):)(;1(: "xlix(ncn-
calion des récipients destinds & comemrr'(‘csl‘ }‘(!t‘xm ‘L‘x‘w i
taires et plus particulicrement des Rr(?dmhi (“}"ﬁ(:{ninium e
conclusion dtait trop sévére. ausst iusage dc (\..- tum
i il ¢té pro I8¢ & eau par B hoinx-Apnest (12)
laiterie a-t-il ¢t¢ preconise a nouvezu pa
et L. Tourrenrt (13). ' - o ‘
D’aprés Tvran (14), unce S(:I’ut'io‘n d’acx(’lc acélique ‘;luf).(;l)ill(())l:xxl
100, laissée 40 heures dans un 1‘CC3!)]C|‘11 enfqu"“,l;l‘ l‘ln‘ll 1'0111‘&'1)10
uue des traces de métal, alors qu'apres cuisson clle &

’ ) T s aliments acides ou alealins qui
20 mg. Ce sonl surtout les aliments acides

réagissent avee 'aluminium des 1'{‘0i])ie1‘1ts_(‘u’u ‘l(*s.“l‘clxxggxf:)j‘ll{l(ty.‘
Les conserves de viande peuvent en contenir jusyua dl 1:.‘-; g
el leur goat est altéréd a partir de 0.5 ¢ d z!lumfmum. par ky. l
" Cependant G Lunng (28) estime que les h..«:l-te?l'd Jl’xm:«i::::-ml")
présentent des avantages sur les boites de fa .(;tl.m.t. r;di"c% 1
conservation de cerlains peissons, en particulier les su "-i;\'(‘t—
I'huile. Ces boites en aluminium ne donnent aucun noireis

i 3 ’ icue : elles s saires et faciles a ouvrir,
ment, ni goat métallique 5 elles sont $égeres et fuc

o ibles - de 3 A
Enfin les quantités d’aluminium disscutes sonl 1)4;!)1(.\'.)(.lcdur.s
. A ~enservali » a nois), ¢ ;
61 myg. par kg, {(pour une censervalion de 2 4 211 ) &

que dans les boites en fer blane, le méme auteur a trouve de-

527 Mad ¢ Toulefois, dans les hoites conser-
21 & 327 my. d’étain par kg, ’I‘(,lll(:[()lh, (Ln)s lf“ ]\)‘l' o conser
vées pendant plusicurs annces, (. Llﬁ\"l)'h, \ Ascn -[t'i-
H. Kminsestap (29) ent trouvé des quantités d'aluminium alte
gnant environ 100 mg. par kg, o , S

11 est certain que Pemiploi de récipienls en o u;x.nn\mh
augmente notablement la teucur de ce métal dans les @ xvl‘mn"l.
D’:pr{‘s Seerinr (15), 11 doublerait en movenne la tencur n
male, o

: SONT DE LALUMINIUM INGERE

La questicn de absorplion de Paluminimm ingérd :1_t-l(£

1 ; ) . Yo NI \
tres discutée el il semble que les résultals contradictoires seien
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:? c;)f]scq_u_eqce du manque de sensibilité de certaines des mé-
fnodes atilisées pour déceler 'aluminium., \

Pl Bl. BN (1()), I\!A('IKENZIE (17) el Maas (18) ont affirm¢ que tout
a u;pmmm Imgere se retrouvait pratiquement dans leg muatic
1I'es ek LARRFEY 9 . 3 ) -
“"lscezc}lll'go L} qlu]e seules des traces étaient peut-étre. absorhées

ACes trop faibles pour ére décelées 5 ¢ ans
Py 1 t'( décelées dans le .sang ct dans
Wenner (3) préte
HRER () prétend que toute e antité ingérd
 retrovg ok ) jue ite lq‘ quantité ingérée se
e rouve juz attvement dans les matiéres fécales lorsqu’on
;éllfllI)IS.IC- u‘flch: l}m-mmes et a des chiens une nourriture con-
(uzt}m ]l’lfs(]l]*a 337 g d'aluminium par jour. On comprcnd
li’-l"ttn F")b, ant sur des quantités aussi massives d’aluminium jj
’tlll‘ pUu se ren'(h*g comple si des Iraces de ordre de quelques
milagrammes élaient absorbées par Porganisme '
rure'l 33'1;':'15:{)'1;1‘5 ¢t Rask (19, en administrant au rat du chlo-
. ] . -~ - v e 0 3 )
e ’(vl uminiun, corps tres soluble, conclurent ¢gulement
qur ny avait aucune absorption d’aluminiam )
Yy P, R N ,
e )I d:‘ contre, Lz‘.\\.xs (20) trouva parfois de Paluminium dans
(i sang apres angestion de ce métal, alors qu'il considérait le
plasma sanguin comme en étant exempl normalement
N Iti.(’)}'xc,l’}zx.\’m.xr._m_\« ct Hanrr (21) admettent qu’une tros pelite
;;)Ltan 1té d ulu{mmupl est résorbée et ¢liminée par les urines.
ETITPIERRE (22) estime que c’est la conclusion la plus raison-
nable, :
) oo . ,
< Eli‘e”sacqo.mc avec les résultats de Kenor, Cuorax et
TO'Y A A o
rony (23), qui ont montré, par une étude spectregraphique, la
. N . ’ y j ~ ’
{:xlefen(,e normale d’aluminium dans Turine (e 002 a
L7 mg./1) et dans le sang (en moyenne (0,13 mg./L, dont la
majeure partie se trouverait dans, le plasma). ) )
ot L 0 4 y 1
: I\Ioton_s d ulllc’ux';. gue la présence normale de Paluminium
aans les Ussus a ¢té trés controversée, mais nous n’aborderons

.+ pas ici cette discussion.

VO; . LN Y a . Tyverd s ’ ‘. .
Koo ‘8, d upr({s‘ﬂles (IL‘tOI‘InHldUODS spectregraphiques de
‘HOL, LHOLAR et Stonv (23), la tencur nor.sale en aluminium
des organes humains - o : : :

T e e e e
Aluminium en mg. par kiloy |
‘ d'organe frais » -,
[N ! '; .
[ Cerveau ....................: ' :
| Poumons ................ e : 58‘24 R R
sl Cooun oo v U 056 oo
Fole P T &
Tinte R - g
i | }{@eﬁ};m ~ ; A YT R f !
| Bstomace ..o, e 0, | S
| intestins ........ B : ogg S
Os long e, S X 1.
Cotes ....... SRR 24t i
R St B R

| SR B 1. 1 V- } ]- }
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Ces aufeurs estiment que la teneur ¢levée en aluminium
des poumons est due & I'inhalation des poussiéres, riches en ce

-métal qui est Pun des constituants  des minéraux les plus

répandus.

Carvery (9) estime, d'aprés les travaux de Brey (16). de
MoxiErR-Winpiavs (21), Kenor. Cpnorak et Srony (25), que la
guanlité daluminium ingérée journellement serait d’environ
13 mg. Brar, Uxaxest, Winymax el Cox (26) avaient ¢valué de 10
a 15 mg. la dese jeurnaliere d'aluminium consommée par un
individu mangeant de la nourriture cuite, dans des casseroles
faites avee ce meétal et estimaient gqu’environ 5 mg, sur 12 my.
provenaient des récipients, Des doses plus considérables ¢taient
par Darra 27) @ 30 mg., et pany Tenan (1) 2 110 mg.
CTrrax et Beny s'accordent pour admettre qu'environ
des doses journalicres qu'ils indiquent provient des
de cuisine el Vautre moiti¢ des aliments eux-mémes.

indiqucées
Toutefois
la muitic
uslensiles

Luspe, Ascnenove et Kuixastan 29 ont dos¢ Paluminium
dans les organes de rats noureis depuis plusicurs générations
avee des aliments conserves dans aluminium, s ont oblenu,
en utilisant la précipitation par oayvquineléine ou la détermi-
nalicn colorimétrique a aurine-tricarboxylate, les résaltats

suivants ¢

! Aluminium en mg. 'par kg. dans les organes de rats

témoins absorbant de la nourriture ccnscrvé{: ll
i dans de l'aluminium ‘ !
! i
o ! ‘ ! | |
| Poumons 2 ! 12 | % | 2 | 5 5
oCeewr L., 50 40 70 : 110 ' 45 !
! Foie .......... 5 3 2 3 b - ;
¢ Rate ......... 55 i 40 1 50 30 | — !
| Reins L.l 6 ! 15 ‘ 1 12 i — E
i Muscle ........ o | 0 12 4 | 8 |

Il ne semble pas que I'on constate une augmentation suffi-
samment marquée de la proportion d'aluminium pour en tirer
une conclusion, En effet, les déterminations spectrographiques
de Kenor,-Crovax et Srory (273) ont montré que les teneurs en
aluminium normal ¢taient trés variables, en particulier pour e
sang ot Turine. {eci pavait indiquer gue ce mdétal n'est nota-
blement pas fix¢ duns Porganisme et que les proportions trou-
vées dépendent de Ta faible portion de Paluminium ingére qui

a pu ¢trermomentanément ubscerbée, Ta plus grande partie ¢tant

climinée dans les exceréments,

Cependant, certains auleurs, comme Uxbrenmiu et Prren-
MaxN (30 4 33), onl prétendu que Paluminium ingérdé avait
{endance & <o déposer dans le foie, le cerveau, les reins, In rale
et la thyroide en trés pelites quantités, alors que la hile sem-

1.
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blait la voie d’¢limination la plus importante, II convient de
fan'_e‘ de séricuses réserves concernant ces conclusions qui ne
paraisseni pas ¢tayces sur des résultats suffisamment probants.
'H en est dg meme des chiffres indiqués par Muw et ses colla-
vorateurs (36), au sujet desquels, Kenor, Chorak el Srony (25)
font remarquer que le fait de trouver des valeurs plus basses
lorsque les ¢chantillons sont plus forts, indique un i'mpm'iant
facteur de contamination.
ToxXterr: pr LALUMINIUM .
Le mode d’administration de I'aluminium influe consideé-
x‘.ublement sur sa toxicif¢ comme Font démontré Benrrranp ct
b‘b‘nm-:suu (37) qui, en expérimentant sur le lapin, ont ‘nhtc‘n‘u les
résullats suivants ’ ‘

Injection sous-cutande de

Survie moyenne de

|

o 100 mg./kg. - .| . 8h. 09 {
: ‘ " 125 mg./kg " 6h 12 I
: 150 mg./kg. U 4 h. 31 !

" Ingestion de 400 mg./kg. 7 h. 07 ':

s, s A . ’
L aluminium parait donc environ quatre fois moins toxique
par ingestion que par injection sous-cutande,

. Les mémes auteurs (38) avaient ¢udié la toxicilé de I'alu-
minium, comparée a celle d’auvtres métaux en opérant de la
mamere suivanle : on administre a des cobaves 100 mg. de

A oo

f 4, P L N ‘ ’
métal par kg, en injectant profondément sous la peau des

selutions aqueuses de sulfates a 1 pour 1.000 (sauf pour Fet+++,

sous forme de chlerure ferrigue), On note le temps de survie '

des animaux (5 par métal) el Pon trouve ;

R . - . :
pomene B LT e el N -

B R
i (E_uwre ................ Survie moyenne de . 0 h. 52 f
INiskel L. L. - C— : 1 h.: ‘

= ) cadmium - — 1h 19 |
{ 4y ’ N ' Y
.(?,ﬁa:xlt P — 2 h 17
! ;, 3 \ pa. y " 3 h. 0

T P A .7 h |

LR - ey ‘1'.% |
4 LR VAR T e N ¢ ol
poalumindum L o, el L — A hoond
- Livalent Srreesenn LT - 2 h.4d
i Sur l¢ lapin, on trouve de méme : L i
] .

1 - G ho 53
j — 1h 11
ii . — 4 h. ¢9
3! .
A SR o -

A

57 PER

“wEes

e

“r - ]j“":. .
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Cette méthede ne nous parait gucre satisfaisante, car clle
exprime plutot la rapidité de Paction toxique que Ia toxicite
elle-méme qui, pour certains ccrps, se manifeste par une action
nortelle a longue ¢chéance avee de trés faibles doses, Toule-
fois, dans le cas de Paluminium, il semble bien que la toxicité

“soit moinare que celle des autres métaux étudics,

C TROUBLES IMPUTES A L'ALUMINIUM

Certains auteurs estiment que Iingesticn d'aluminium pro-
veque des troubles gastro-intestinaux, Tocco (39), ainsi que
Teruevsky ef Tengevskaya (10) estiment qu'une nourriture
nal préparée dans des ustensiles en aluminium peut causer de

lécers empoisonnements,

PrrexseN (11) a constaté des cas de censtipaticn avee trou-
bles intesiinaux accompagnés de selles noires, dis & 'aluni-

Hiun, 11 cite treis cas d'infoxication chronigue, dont un familial,”’
Ccausés par Tusage de récipients en aluninium et indique la

possibilité de troubles nerveux, avec trembiements ainsi qu’un

‘blunchiment prématuré des cheveux,
»

D*autres auteurs ont prétenda que aluminium provoquait
la stérilite ou qu'il suscitait le développement du cancer. A cet
¢eard, Tenuevsgy el Tennpvskaya (12) ont rapporté que des
couris bianches nourries avee des alimenis préparéds dans des
pints d'2luminium devenaicent cancéreuses spontanément dans

“la proportion de 0,85 pour 100 au licu de 0,02 pour 100 chez les
témoins, ‘
N . - P
EXPERIMENTATIONS EN FAVEUR DE L'ALUMINIUM

Toceo et Muras (43) ont exéeuté  des recherches sur la
germination des semences en présence de poudre d’aluminium
¢t sur la fermentation avee la levure. de biére, sans trouver
aueune action nocive.. lls firent dégalement des essais d’intoxi-

" eation sur la grenouille et le lapin en leur injectant de grandes

[y

quantiids d’aluminium métallique ou en saupoudrant la nour-

riture des lapins. Ils n'ont frouvé aucune action toxigue sur ces
“animaux. o . ‘

Scorr ¢t Horz (14) ont administré a des rats unc nourriture
renfermant 3,6 pour 10 d’aluminium pendant plus d’une
anndée & ln croissance a ¢1¢ parfaite et la formule sanguine est

Crestée nermale, - o7 . ' .
“Alackenzie (17) n'a’ constaté aucun effet de I'aluminium sur
plusicurs géndrations suceessives de rats. - '

Linns ol ses collaberateurs (29) n'ont pas observé d'action
enr 1 crcisance de la scuris ¢f n'ont noté aucun effet sur les
ruts durant cing géndrations, .. 0 :

Draatre part, Benrrann el Sensescu (45), wlilisant 116 lapins

“qraités en vue de provoquer des cancers cuwtands, ont constaté

]~ o 1-
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que basgestion d'aluminium n"augmentail pas Ia proportion des
malades (au conlrairve . :

De méme, Barmaxy (46) n’avait pu favoriser apparition

du cancer en donnant & des souris et 4 des rals des sels d’alu-

I

“minium wu ce métal en poudre,

Il semble done que Pon ait grandement exagéré la nocivite

de Paluminium, les accidents lui ayant ét¢ imputés ne s’¢tant
nuellement confirmés par la suite, :

. '
‘ . o B

ACTIONS DIVERSES DE L'ALUMINIUM

On ne ‘saurait ‘dire cependant que laluminium n’a pas
parfois une action sur Porganisme, dont il faut tenir compte.

Koumarov et Knvrcer (17) ent trouve que Padministration

_de grosses quantités de gel d’hydrate dCaluminium (traitement

de Puleére gastrique) diminuaait Ia séerétion du sue stomacal,
~neulralisait son acidité et abaissait Pactivité peptique,

Kirsxen (48) a administré & des hommes 393 en® d'un tel
g¢l pendant 71 jours, sans censtater de troubles’ de Péquilibre
scido-basique ni de la fonction réuale,

' Toutefois, Pabsorption de telles doses massives, si elle n'est
pas toxique, inhibe Ia bonne résorbtion du phosphore contenu

c«ans les aliments ainsi que I'ont montré les travaux de Deosann
~et Ervinsea (19), FavLey et ses collaborateurs (BO), Feermax O1),
H. B, Steeer (52), ete. Ce trouble parait da i la formation, dans
le tube digestif, d’zluminium insoluble. 1} pecut nuire a la crois-
sunce et prevoguer du rachitisme, mais présente moins d'impor-
tunce chez Padulte. Les sels de fer auraient d’ailleurs le méme
cffet, ’ N S ‘ : :

D'autre part, Paction de Paluminium sur certaines hormo-
nes a ¢té mise en évidence par Scnwas (33). Cel auteur a cons-
taté que-de faikles quantités' de ehlorures d'aliminium renfor-

'

-weafent et prolengeaient Iaction hypoglyeémiante de Pinsuline

alors que de fortes doses .inhibzient Thormoene, 11 en eost de
méme pour Paction hyperglycémiante de Padrénaline.
;oo i e JCONCLUSIONS .
Il ressort de cette é¢tude que Paluminium n’est pas o consi-
dérer comme un mdétal toxique, Il existe normalement dans
tous les aliments et Tusage d'ustensiles en” aluminios pour la
préparation de Ia nmourrituve ‘est susceptibie de douller o Uinl-
LG normalement ingéede, On proud eiilours, snvs inconvenient,
supporter <des deses DLeaucoap
Ny

U.S.AL on a utilisé an levaip 3}

)
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Ann. Fals. Fre Wl

-

moindre inconvénient. D'aprés KJ-‘,H(’)I?. Ciorak c.l ‘.\.'rmn'.\‘_.:))‘{
I'ingestion journaliere de 200 mg. d aluminium par jour scrai
sans danger. _

Mais, cependant, on ne sau ait tolérer la .l)féscm:e ‘dc
proporticns excessives d'alu;mlmum‘dans les mulx(‘vxes alimen-
{aires, meéme si elle ne constitue aucune source de danger et e
dénatune pas ke godd. v

(Cest pourquoi, il semble lk)gique de fixer ainsi les tcn‘cur.s
maxima admissibles dans les aliments, en tenant compte de 11
plus grande rvichesse en aluminium des produits végdtaux, pal

‘rapport & eeux diorigine animale :

Tencur en aluminium {

Substances alimentalres - ( . par kilog) ;

e e e emspauateT e

‘1! 1» Produits de boucherie,

charcuterie, triperie, vo-

lailles, gibier ............ 20 (frais) et 100 (em conserve) |
20 POIsSONS ... ieieienes 20 ({rais) et 100 {em conserve)
3 Mollusques, crustacés 20 (frais» et 100 (en conserve)
4 (BUfS ..o . 50
5° Huiles et gralsses ........ 50
6+ Lait ) ... ..o . 50

7¢ Vin, biere, cidre, jus de
fruits et autres boissons

alcoclisées ou non ....... 50 .
8 Lségumes ot fruits (2) .... 250 i
9+ C¢réales et produits déri- ’ :
: VEE (2) i ieeiiieaaan 200 i
10 Promages (B ... .o . 200 |
1lv Sucres, matiéres sucrées,
| confitwres (B .......e.a.. . . 200

(1) Dose currimge par litre. . - R ] :
Tensur rapportée & 1a maniére séche. . .

) Paris, le 17 juin 1949.
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STUDIES IN THE METABOLISM OF ALUMINIUM
II. AnsorPTioN AND DEPOSITION OF ALvMiNivy 1N THE Dogt
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The fact that the majority of investigators have not found aluminium
in the blood and tissues of animnals after a dict containing appreciublc
amounts of it (1), has in the main been at{ributed to the formation, in
the gastro-intestinal tract, of insoluble compounds, that s, aluminium
hydroxide, or phosphates, or aluminium-protein complexes.  That in-
seluble compounds may be formed during the baking of alwninium-
containing breads has also been suggested. :

It has been demonstrated that some of the aluminium 0ccuri‘ing naturally
in foods is soluble in aqueous solutions (2). It has been shown repeatedly
that a lurge pereentage of the aluminium in bread made with alum baking
powders is soluble in gastric juice (1). It is unknown whether aluminium
forms some complex protein compound in bread. At any rate after expo-
sure to gastrie juice, either 7n witro or in vivo, the resulting compound is
dialyzable, and is presumably the ehloride.

Information as to the exact degree of alkalinity of the intestinal tract is
lacking but the available evidence scems to indicate that the plI doces not
vary widely from pH 7.0 (3) (4) (5).

The pIl for the precipitation of alwminium hydroxide varies, of course,
with the constituents of the solution. In pure solutions it begins to pre-
cipitate at pIl 4.1 (6). But the hydroxide is truly amphoterie, the
soluble aluminates forming promptly.  Alwninium phosphate begins to
precipitate, under various conditions at pIl 3.9 to 5.5 (7) (8 (9 It
starts to redissolve at pll 8.6.

While it is injudicious (o hazd o guess as {o whet happens in an

‘exceedingly complex mixtare it scems probable that alominiun compounds

may be lareely soluble in the intestinal tract.

‘('Un.\i(
1925, by ¥

):H'{,(){

B part, from a dissertation presented to Yale Univerity in June
erinan in partiad fulfifhnenCof te requirenents for the dogeee of
hilod { { { { { {

)
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Suwmmarizing we may suppose that aluminium oecurring naturally in
foods, or added for loavening purposes, is zoluble to a certain extent in
both stomach and intestinal tract.  Since it is soluble, we must expect
that it will be absorbed into the hody.

The purpose of the present investigation was to obiain information
relative to the following problems:

1. The aluminium content of the blood of dogs

a, in the normal fasting condition
on a diet to which the aluminium has been added
at various times after a single feeding of food to which aluminium
has been added :
during and after a dietary of aluminium containing foods for
periods of

(i) 1 week

(2) 4 weeks

(3) 12 weeks

¢, during and after an ordinary dietary for periods corrésponding

tod

2. The aluminium content of the tissues of these dogs.
Grneran MeToons.  The experimental animals, in good nutritive con-
dition, were of unknown origin but were full grown and as near as one may
judge did not exeeed five vears in age.  Kept in separate eages in the
animal house they were fed ground lean beef, aluminium-containing bis-
cuits and butter.  Control animals were fed yeast bread instead of bis-
cuits,  The dogs were given as much as they would eat, but only one
feeding per day. :

Two kinds of baking powder were used in the preparation of the biscuits,
which for the sake of brevity will be designated as “straight alum™ and
“alum-phosphate™ hiseuits,

As it was not possible to purchase a straight alum baking powder on
the loeal market one was prepared in the laboratory, and had the follow-

ing composition:

Sodium aluminium sulphate, ealeined ...l . 25 grams
Sodium bhiearbonate, deyvo oo 26 grams
Corn starell, oo e e . 49 grams

This powder was used in biscuits as follows:

8100 grams

Fonr. e
Salt L PN 75 grams
Buking powder oo 540 grams
Butter o i, T rams
B T 15 < (

R
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The “alum-phosphate’ powder used was a well-known brand, bought on
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the market, and according to the Iabel it composition was;

Mono ealeium phosphate oo o0 oo . 15 67 per cent
Sodinm aluminium sulphate. o000 oo 12 .34 per eent
Nodigm hicarbonate. .. oo o o o e 25.00 per cent,
NEATCh e 47 00 per eent,

TABLE 1
The alwminium conlert of hlood of fusting dogs
Al as mgm. per 100 ece. of blood

DAY ; po: 1 poG 2 DoG 3 poG 4 poa § poa 6 AVERAUA

1 “ 0.28 0.35 .28 0.32 0.17 0.17 0.23

3 ' 0.29 (.32 0.28 0.27 0.17 0.17

5 | 0.28 028 0.27 0.17 0.16° 0.18

7 l 0.28 0.27 0.16 0.16 0.16
Average....|  0.28 02 | 023 | 016 | 017

. TARLE 1A
Afwminiwm content of tissues of dogs fosted one weels
Al as mgm. per 100 grams of wet tissue
o T
E [ - @ v '3 3 2
IR R R R N -
1117.3 P ]O.GG 1.80] 0.57) 1.22/ 0. 1% 0.213 | 1 36 1.01 { Nune 55
2 16 00N 069 2010 0.74 1.10‘ 0.135 0.222 | 1.41 Noue None | 6.0
3 8.6, M. 0,800 1.85] 0.84) 1 ())i 01350 0,191 | 2.06; 2.49 None | 7.4
4 2.0, 1. | 0.801 2 84 0.94] 1.051 0 2004 None C 204 None | None 11.4
54155 M. 0.90] 1,390 0.66; 1.27] 0.131! None | 1.67 None L— 14T
6 14.0i F. 1071 2.16 (),."')(}X 1.17! None | 0 937 | 2 27! None | None 5.0
7 116.4/ F. |, 0.00, 2 90 1.45, 006 01251 0.270 2 20, 1.69 | None i 8.2
§ |14°8, F. | 0.75 1.74) 0,00, 115 ¢ 142} None | 1,43 None ! None (8.2
.9 3,6[\1. 1.4111.000 0 841 311 0 127 0.252 | 237 None Trace 110 3

10 | 89, M. [ 095 2.19' 120 1 21 0 12 Trace | 2 35 None Trace ill 4
11 '9 0‘ F.o11.33 0,1)‘2’ 0 h‘.'l ‘2‘17" None! None 1_.'1"_’: 1 01 lf\'(me 6.1
12 ‘1.) O{ A | 1.16) [0 72]‘ i 0.220 | 1,49, None | None ! 2.3
Average, .. 0 ‘W 190" 0 a6 1,2'» 0.114 0 1'!" 1 184 0.51 ;Nmu 0000 : 7.25

Biseuits were made approximate I} according to the dlr(-gtmns on the
can, and contained:

Flour oo oo e . K750 grams
By mowder. ..o s 500 grams
.“a( ............. N R0 grams
B 300 grams

I ‘ l .. [ ( ..... l L ‘ | l
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The biscuit dough was mixed and baked much as it is by the housewife.
After baking it was broken into pieces, thoroughly dried and then ground
to a course meal.  The dogs would eat a moist mixture of hashed meat and
biscuit meal, but if the biscuit were given in picces they would eat the
meat and leave the biseuit.  Biseuit dried and ground kept well without

TABLE °
Aliminium content of blond of dogs fed on control diet for one week
Al as mgm. per 100 cc. of blood

DAY : poG 12 l pou 20 i poG 21 i pogs 22 poa 23 noc2-ll i AVERAGE
: -
1 1 045 | 037 } 031 | 020 | 027 | 0.36
3 1035 048 | 044 | 031 1 038 0.30
8 ~ 0.36 | 0.4% [ 0.40 0.37 1 0.37 0.31
i 1 ' 1
Average...| 035 | 047 | 040 | 033 | 031 | 0.2 !
TABLE 2 *

Aluminium content of tissues of doys after one weelk's feeding of “normal diet”
Al as mgm. per 100 grams of wet tissue

gl 1 5 i | '

Ale | b 2 #oloa
SIED tel L Ble 8 g LBz B
g Elgl s 2] 8| 2 ‘ £ g 2 3 £ 4 1 8
a z | . I - “ l 3 =2 El @ < o 2 3
Bl A O — ! i

13 }10.63 0T 1.56| 1.641" L — None | 2.39] None | None 2.7
14 1,14.01’ JO 0.5(3}‘ 1'56|‘ 1.400 1 ‘);')i None | 0.227 | 2.09) Nonc | None 8.5
15 7.4‘\ F. ;0.93 1.62; 1.40' 2,14 None | Trace 2.03| None | — 7.4
160 5.6°F. 10742770 “h: 1.33; None | 0.513 | 1.97] None | None 1.5
17112.0/ . 10670 — | 155, — ' None | 0.608 | 2.24 Noue | — 1.6
1312.6, 1.} 0.56° 2 06! O,Sﬁj — i None | 0.465 | 1.74] None |None 7.3
19 (14 6 F. 1.24; 1,‘.!‘_’; 1,0')1 1.06, None | Trace | 1.52) None | None 8.7
20:14.2. M : 0 31‘[ 2 1()\ 1.47\ 1.14! None ; 0.258 + 2,11} None Nonel 5.1
21 Tl()AO; F.o0.310 1 ')’ O.Mi 0.96; 0.063 0.144 | 2.03] None |None 4.0
221155 3L, 0.36) 1.50! 0.51) 1,42 Trace | None | 1.88) Trace None| 5.2
231 14 7F 10401 “HF 0. s(»! 1.78 1']‘rm‘o Trace | 2.07; Trace | None 11.0
24 ’5 4 Foro63 1,19 1. ”1' 1.08, None | None | 2.05: Trace | None 4.5
SR S g iy Mt FR 5 one | aone l

i | H | ;
Average. .. 0.66? l.h(‘y; 1.1 1:1); 0.000 | 0.184 | 2 .01 0.000 | 0.000 0.000 5.5

beeoming mouldy or sour. A large “bateh” could thus be made at
one time.

Inasmiel as in these experiments our attention was diveeted mainly to
the question of aluminium absoerption and distribution in the tissues no
attempt was made to determine exactly the qu'mlltm\ o(

pested. However, from ealeulation it is certain that for t ight alum

{ { r 1 | | G| {

ainium in-°
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20 FRANK I'. UNDERHILL AND F. I, PETLERMAN

biscuits the quuntity of aluminium taken in was never less than 100 mgm.
The figures for the alum
phosphate biseuits are probably somewhat lower than this.

Blood was drawn at specified intervals from the jugular vein into a
Luer syringe containing aluminium-free oxalate.  Enough was taken for
an ash sample (usually about 10-20 ce.).  When the animals were killed
they were bled as completely as possible under ether anesthesia,  The
organs were removed carefully to avoid aceidental contamination.  The

daily, and in most instanees was much greater.

TABLII 3\
Alumiinium conlent of tissues of dogs after a single meal of aluminium-containing food

Al as mrm. per 100 grans of wet t

= | : |
g m _
w | & * _ 5 7. e} 3 z m I m m
2 . w7 ] 7 = 3 i 5 a =
18| 4 2, 8 i g d g g b 4 |
= Foog 2 2 w 2 A = 6 - =] = &
25 19.0; M. t None 0.48 — 126
261 15.07 ML 1 None None ‘one | 4.2
27 16,40 M. I 02 - one| 2.8
281 16 .80 J. 1. 0.124 None | None 5.3
M. 1 0.065 | 0.132) 2.07{ None None| 5.2
F. LB Trace | 0.278 None!| None 16.5
M. P2 P01 0,083 None| None!| 3.4
. 2. Trace ! None None| None 6.9
I, 2 s None | 0,280 None| None 3.2
M. 2. Trace ; 0 5377 None Nonej 5.3
AL 2 Trace | (0 570 None None!| —
I 2. Trace ; 0.23% None | Trace 6.2
JON 3 None | 0.365 None!| None 5.2
ML 2. . 0.193 | None None 0.1471 4.1
ML 1,68 0.67 1.14] 0.125 | 0.206 Noue 0.1671 4.4
Average. ... ; 060 2.50, 0.76) 1 iw 0 040 WW 0265, u.:,: 0.034] 0.000 | 0.030! 5.3

organs reserved were kidneys, liver, gall bladder, spleen, adrenals, ovaries,
testes, brain, muscle and heart.

Blood samples were measured and dried immediately after drawing.
Lvery care was taken to avoid aeccidental contamination of material.
Analvses were made aceording to the method deseribed in the preceding
paper (10},

FAPERIMENTS. f

(Froup I~ Alwminiwm content of blood and tissues of
Sfasting dogs. Phere were twelve dogs in this series. They were starved
for seven days. Distilled water was allowed freely.  Blood samples were
taken on the morning of the first, third, fifth and seventh dav of starvation.

Atter the dast somple had heen taken the dogs were E:cﬁ‘ rding to the

A Y (R S S SR SRR |
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METABOLISM OF ALUMINIUM

TABLE
The aluminiune content of the bliod of dogs

4

cantuining fond

\l ns m;_,m p(‘y H)() ce, nf mel

21

Jed for one week on aluminium-

T
RTUATGHT ALUM By ALUM-PHOSPHATE RIACUIT (‘ONT)‘(‘(:"&T“)‘E“"T
TDokdt | Dog s | Do ds n,;[ 57 Deogss | '{;,;m_ “Dog 5 | Dogst
0.51 0.40 0.44
0.37 0.73 ' 0.49
0.39 0.36
0.35 0.43 : 0.37
0.37 0.35 0.52
0.38 : 0.38
0.73 0.60 0.51
0.44 0.35 0.52
0.38 0.45
0.75 0.70 0.43
0.38 0.55 0.51
0.39 0.52
0.37 0.38 0.45
0.38 0.36 0.51
0.39 0.52
0.84 0.71 0.46
0.57 0.98 0.51
0.37 0.57
1.09 1.04 0.66
' 0.54
1.47
032 ! 0297 039
0.37 i 0.29
! ! D052 | 0.38 ‘
‘ | | | i 033 | 0.28
— L e f_‘;_‘_,, ‘—I —— R .
063 | 052 i 1] ()l) 0 51 ' 0.45 [ 0.41 ' 046
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FRANK P. UNDERHILL AND F. I,
The blood samples from the first six were

procedure already deseribed,
These were dis-

ashed in poreelain and found 1o give doubtful results,
The samples from the other six were ashed in silicn.  The organs
the results for these are given here.  All
In tubles 1 and 1A are detailed

carded.
of all were analysed as usual;
determinations were done in duplieate.
the results for this group.

Croup JI-- Alwonindwn of blood and tissues of dogs on a normal diel.
Twelve dogs were kept without food for two days, then fed daily on a

diet which was considered normal with respeet to possible aluminium con-

tent. It consisted of hashed beef, yeast bread, and buatter, and is herein

TABLE 4A
Alwminium contenl of tissuecs of dogs fed on aluminium-containing food for one week
Al as mgin. per 100 grams of wet tissue

= ! I i { { |
5 ' [ ]
) 5 ! i e} & % ? r 3 g
Z1E g z 3 i g
AN NI AR R AR
a | & w 3 5 | B =R 9] & ’ < ° = &
: i T e —
44 1:«.2{ 1.0 o4§ 2,221 0.44 1. 34! 0.026 | 1.62 | 1.95/ 1.02 {None 9.2
45 117.2 M. | 0,82 2.31 0.44) 2.01) Trace | 0.195 | 1.99! 0.78 0.000 5.3
46 | 12.4] AL 0.65) 2.31 0.53 18200111 | 0.188 | 223 None | 0.0001 2.9
A7 | 10_3} P 143 205 0.57) 158 Trace | 0544 | 157 None| None 5.7
48 ! ll.(?j T, O,‘JS]' 1 TSIw 0.55; 1.‘2; None | 0.353 1.283N(>11(?j)'<me 9.3
49 | 10.6; M l 0.51/ 2.96] 0.43] 1.76{ 0121 | 0.300 | 2, 1'),‘ None 0.13%; 4.2
T Rt : i 4T
Average.. [ 084 227 0 50,1631 0.043 1 0.500 | 1. 85/ 0.30 | None 0,046} 6.1
i s | 4 ; - - O U |
B e e S S S| L
50 | 0.2 810,47 1ag 070 1 52| None | 0,293 | 2.39| None | None| 12,8
51 { lﬂ.OJ F. 0.420 2.20; 0.80] 1.31{ Trace | Trace | 2.51! None | None 8.1
T T T ' B
Average ' ! , i |
(control). ' 0 44, 2.020.73 1.31 0.000 | 0.147 | 2.45| 0.000] 0.000 10.4

designated the “control diet.”  The first six were bled only on the last
day of the feeding period.  The bloods were analysed by the trichlorucetic
acid filtrate method which was found to give unreliable results, hence are
The other six were bled on the first, fifth and cighth days,
at various times after feeding, and were killed on the cighth day.  All
tissties were ashed in silicn. The results mayv be seen in tables 2 and 2A.
Group TIT-- Alundniume content of blowd of dogs afler a single meal of
This series consisted of nineteen dogs. They
were fusted for one or two days, then given a single feeding of alum-
phosphute or straight alum hiseuit mixed with meat.  Blood » -« drawn at
definite intervals after feeding. Blood samples of dog 31( ashed in

{ ( 1 ( ( L (

not included.

aluminium-containing food,

.
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TABLE 3 . : poreelain, the results of which were disearded.  The animals were killed
Infinence of fowrweels” feeding uf aluminium-containing food on l/mulumnuum conlent ©after twenty-four hours. Tissues of fifteen of them have been analysed.
of the blom The results are shown in tables 3 and 3A. ‘
e w\lm mem. pr r,_l_,(f)f,( 1{ },’I””d Growp IV ——Ahaminiune content of blood and tissues of dogs maintained
- ‘ . p V- g
i HOUR | STHALGHT ALUM BIscurr s -PHOSPHATE BISCUIT coxr:[zlfl)(r;'—‘—gmir upon ”/“’N'.’”.[””".””[”I””'1-(] f“”(/f”r (.l ])(‘”.“’l 0.[ one week. El{-’.ht rl(»gs were
WEER L e B S ! ~ . N fed for one week on a diet containing straight ahun or alwmn-phosphate
Dog 52 | Dogss i Dog 51 | Dog s | Dog 56 Dog5? | Dogdd | Dog 59 { hiseuit or yeast bread.  Blood samples were {aken each day at definite
1 2 0.53 | 0.61 0.81 intervals after feeding. Sivee there was some indication in group 111 that
4 0.78 0.35 0.20 greater absorption oceurred in the Luter hours after feeding, it was planned
b6 0.93 | 0.50 to follow the course of ubsorption through the whole twenty-four hour
i y-i
. cvele. Thus information might be gained concerning the time factor as
2 2 0.20 0.53 0.33 ) B : K
4 0.53 0.20 TABLE 54
6 0.63 0.32 .. . . .. ..
Aluminium conlent of issues of doys fed on aluminium-containing food for one month
3 2 0.23 : 0.55 0.27 Al as mgm pm 100 g ‘ams wet tissue
4 0.33 0.26 0.27 T N N o ‘
6 0.47 | 0.27 s Lo 2 w | a
oz | Low o “ = z 3 e g 5
A i Sl el 2% % = E 8 | & | g
4 2 0.27 0.60 0.33 élwz: s ¢ 8 ] g Z & = H z g =
8 5 | @ = & I i =) H = % < =) F =
4 0.26 0.69 ) 0.16 —_— - l B St R s S —_— ———
6 0.28 0.28 h2 : 11. 0’ 0.49] 2. 141 0 95 1.58 0.188 | 0.063; 2.04| None | None 6.4
Killed 53 ’ 1Y F 052 2 07E O'TGf 0.971 0.117 { None! 1,35 Norne | None 3.1
1
i G4 i R(,‘ :\I. 0.74 1.658 0,51, 0.80] 0.112 | 0. 104 ‘3.111;\'()1\(‘ 0.399,10.2
HOUKS | i H
IATTER x‘isrf | ! Cod - ’ . L
ruxoiNG | ; v 55 1 11.6. F. | 0.5 144‘2% (.71 1.45; None | 0.508 1.82, None | None 6.0
———— ! \ : - N . - —| N\ ©
- ! | o | 56 1 13.0: ML O8] 1,527 0.420 1.20: None | 0.532° 2 67! None 0.3480 2.9
7 [ 0.33 | 0.46 0.56: 0.86 - ! anl 1 =) ! - = ragl 9 sl None 195
| 9 | f‘ i 0.46 : 0.23 57 1N (” M. 1..5.)J 1_4()‘[ 0450 1.17) 0.153 0..)_?\@ 2.5% None 0.2631 2.5
‘ . ! it i Fe — = A
B ; ! | | 0.22 | 0.16 Average....| 0 73] 1.75 0 65} 1.20, 0.095 | 0 2x0! 2 12 None | None | 0.336| 5.2
i { ! H : —ee e | S
! i g EE-E | ~ < ! | . t ! N ¥
Average........0 031 1 047 035 0.57] 0.39] 03] 040 | 0.20 52130 0.66/ 1.2 0.79] 1.200 0.025 | 0 139] 1.65| None| None 4.6
N o 50 1160/ F. | 0 fm 1.4%0 0 51 111 Trace | 0 217 1 98 None| None! . | 3.4
W (’Llly averages—Dhlood [ S . __: S P ‘__‘_ o
— | e 1 - Average i : ! |
WEEK | BTRATGHT ALUM ! ALUM-PHOSPHATE coNTROL (control). . 0 67| 1_3_(); 0 6:');' 1.15 0.014 0,175; 1.82/ None | None 4.0
o - |
1 Ii 0.75 i 0.55 0.51
9 ' v - - - . N . . -
3 [ 8 §2 0.42 0.28 well as the height to which the aluminium in the blood might possibly
: 36 o7 - S
4 ! 0 o7 ; gz: 8 o rise.  Tor resuits see tables 4 and 4A.
E ! R 225 . - .o - . . -
At death ‘ ‘ 0.41 l 0.56 01 (oroup Vo= Aluminium content of blood and tissues of dogs maintained
- ! | — upon alwmivivmi-corntaining food for a periold of four weels,  Fight dogs
firand average .. 045 ! b0 0.30 were fed for four weeks upen a diet identieal with that of group IV,  Blood
0.47 samples were taken on the eventh day of each week at a definite time

after the meal, Tables 5 and HA show the results obtained,
(roup VI Alwmindon content af blood and tissues of dogs saintained
( ( upon aluminivm-contcining food for a period of teclve 11'('('1\'.( It dogs

were fed for twelve weeks. Blood samples were drawn at de nfervils

i { { { i l \ { ( { | i l l [ l l
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The aluminium eonlent of blowd of dogs fed aluwming wme- cantuining f«:m[fur Lirelve weeks
t

ATRATGITT ALUN BIacU1r

Al)ng [} I)m 61 1 Dog 62
().(‘»5
0.27
0.22
0.38
0.32
0.40
0.39
0.43
0.53
0.39
0.33
0.38
0.32.
0.41
0.33
0.33
0.57
0.06
0.42
0.62
0.38
0.44
0.39
0.32
0 43
0410|
i 0.38 ;
‘i {039
i 1
0291 i
031
| 1

Al as mgm. per 100 ce
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cof I)ltmtl

ALUM PHONPHATE RINSCUIYT
Do 63 ""{QT,JF Do 55
0.32
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0.65
0.39
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0.33
0.32
0.39
0.27
0.39
0.55
0.27
0.36
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0.27
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0.01
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TABLE 6—Conchuled
: T
Horn STRATGHT ALUM BISCUIT ALUM-PHORPHATE BIBCUIT CONTROL—=YEAST
WEFRK AFTER BREAD
MEAL
Dog 60 | Dog 61 | Dog 62 | Dog 63 | Dog 64 | Dug 65 | Deg 68 | Dog 67
12 10 0.27 0.27 0.22
12 0.31 0.21 0.25
14 0.33 0.27
Killed 25
13 2 0.27
4 .
0 0.41 0.28 0.16
Killed 7 0.41 0.17
14 6 0.27
8
10 0.27
Killed 23 0.24 0.32
Average..........1 0.41 ‘ 0351 030} 044 030 032| 0.24 0.33
j . gl - S
| 0.38 0.35 i 0.28
TARBLE 65
Alhwoninium content of tissues of dogs Lepl for twelve weeks on an aluminiwm-
containing diet
Al as mgm. per 100 grams wet tissue
* | ; | I ! |
g ' I |
] H H | H i
A I A
2| 5 2. ’ 5484 3 g & & % £ &
E1 B |8 oz l 2080 £ 2 5 2 a z 8 z
SR S SO e U B L R S = s bl ° h =
60| Salp 073 10w 0.59, 1.09 0.05% | 0.210; 2.51| 0 85 | None 7.0
611 9.0 1. { 1.050 256 0.52) 1.55 0.028 1 0.166] 2.47) 1.31 {None 7.2
62 10,5 F. 1 0.75 138 0 50, 1.04! Trace | 0.480| 2 64| Trace | None 5.8
! E ‘ ' ; |
63| 11100 | 070, 2 83 0,60 2,52 None | None| 2,54 0.9 — 146
64 15:0 M| 077, 1,220 0,55 1.00 i None | 0,207 2 13 None — 129
651 12 h MO0 OT 1 R2 045 410 \nno 0.0(‘»5% 2.20' None None| 8.2
U SOV U S I
j i ; ! |
Average .0 083 195 0.54 1 01 0.014 | I 0 17%9; 2 41 0.40 {None|None| 6.1
S (Y P S
6615 6 1.1 0. 81 1 h. 0.55 1. 1;] lm(‘(' 0. ]("()I‘ 2 14! Trace | None 5.1
o7 i Wwer o (;5 1 ‘G‘ ‘)1‘ 1. ll 0.010- 0 034’ 2,081 0.33 | None 2.6
. . i__ e et R P R
;\\'r'rn;_r-' | {
{control).. 0 .74, 1 .44 0 5% 1‘)\ 0.005 ! ' 0.067. 2,11} 0.16 | None 3.8
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after the meat of the seventh day.  Food was given at a )'m--u"[-n- time cach
day.  The general condition of the animals was observed frequently,
On the whole they ate we A and remained in good nutritive condition.
Three had to be repleed by others after the heginning of the pxperiment,
one beeatre iU would not eat, two heeause they were vieious, The results
are recorded in tab los G and BA,

In table 7 may be found average results for all groups of animals thus

£ considered,

TABLE 7
Sunemary of averages of determination of all groups

Alas mgm. per 10() grams wet tissue
- ' { -
\
&
Lwk, starving | 120 041 ‘vO‘()_Hvtjl.Q.'»
1 wk. meat and | 1_’:’)‘(3()‘1.‘;61,1‘_’1.4:')3

A ;
150.60.2 50076164, 0.010 02652, 1“ 0.034 None| 0.039] 5.30

NUMBER
TESTICLE
THYROID

PROCEDURE |

I
P

BILE
| ADRENAL

.
H

SEPLEEN

I KIDNEY
i
| ovaRy

|

]
i
|
|
i
|
i

i
l
- —
i

o]
<

0.114 j!).]‘.’?il 81 0.51 | None | 0 000, 7
Trace ff),]S»i:‘. ()1; None ! Nane | 00000 5.7

933
<

bread
Cingle feeding

t
LWk, foeding | 60 842 270 50'L 630 0.043 050011 85 0 300! None | None | 6.10
1 wk. eontrol 120.442.020.75 .31; Trace 0. 1472 Noune! None 10,40
{me, feeding | 60 T31.750.63/1.200 0 095 10,250 2 12 None | None | 0,336, 520
1 mo. control [ 20.6771.400 ('),':'1 15 0.014 .0 lm}l RZi None | None 4 00
3 mo. feeding | 60 831, “f” '\Ll 1-‘\' 0.014 é() ‘\‘h‘l 411 0.400; None 1 0.000] 6.10
3 m.u. control ! 20.741. 440 ;\1 71\ 0005 10 ()()7‘... 1 !).’)1()1\'0120 3.80

Drsctssiox oF restLrs.  The aluminium cordent of blood and tissues
of fusting dugs. Ko far as one may glean from the literature, reliable data
are licking relative to the presence of aluminium in the blood of fasting
animals. It has been stated at times that abuminium is a constant con-
stitnent of the tissues of animals and man, but equadly positive statements
have denied this (vide, e.g., MeColium et al, 11, Fromour own work with
fasting dows it ix apparent (see table 1) that the blood of dogs fusted for
seven days contains appreciable quantities of aluminium.  The extreme
Imits of the concentration were 0.16 1o 0.35 mum. of almminium per 100

ce. of Blood, the average being 0.23 mgm. The delieacy of the method
is such that these quantities must be regarded as signifieant. They can-
not Le luid to errors inherent in the method sinee experience has shown
that the limit of ervor is a figure lying in the thinl decimal place, approsi-
matelr 0.001, <o small it may he disregarded.

The quantity of aluminium in the blood does not tend to diminish
appreciably during this period of fusting. This must indicate previous
storse in the body. I order that the amount in the blood remain at ©

p——
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fairly constant level as fasting progresses there must be deposited some-
where in the body much larger gquantities.

From an examination of table 1A it is evident that the notable places of
storage for aluminium are the liver, kidney, brain and spleen.

The Tiver containg, on an average 0.94 mgm. per 100 grams of tissue,
more than four times as much ahminium per unit as blood.  The metal
is, possibly, in the starving condition, on its way to exeretion. The alu-
minium is released slowly, perhaps because the body is not capable of
exereting it rapidly, or because the body has some use for it Just how
long the starvation would have to be prolonged in order to render the
blood aluminium-free has not been determined, but it would seem, from

“an examination of the figures, that it might Mi\o a number of weeks, At

the beginning of starvation the quantity in the organs may perhaps be
assumed to have heen larger.

The kidney is also a locus of storage, containing slightly less than the
liver, and nearly four times (dverage) as much as the blood. That the
kidney is also a channet for exeretion of aluninium is to be inferred from
the definite amounts found there.  On the other hand, various investi-

gators have failed to find aluminium in the urine of avimals and man

fed with aluminium containing foods. It is probable, however, that with
a method sufficiently delicate, small quantities wonld have been found.
In a subsequent paper evidence of the urinary exeretion of aluminium
will be presented. '

That the kidney cannot be the most important exeretory path is clear
from the amounts found in the bile.  Iere, comparatively large quantities,
more than eight times that found in the blood, are present, showing that

aluminium i exercted principally through the bile, and that the liver of

the fasting animal must be the organ chicfly coneerned with picking out
and exercting this metal. It is apparent that much of the aluminium
exereted in this way may be reabsorbed.

In this group the spleen contains by far the greatest store, per unit, of
alumininm, more than eight times the amount found in the blood.  The
large amount here eannot be attributed to the blood contained in the organ,
espeeinlly as the animals were bled to death and the spleen was invariably
found at nutopsy to be quite contracted and hard.  Towever, as this organ
is very sinall as compared with the liver, its actual importanee as a storage
place for aluminiun must not be over emphasized.  But the fact that per
unit it holds nearly twice as much as liver is interesting, however obscure
the reason.

The brain also holds a larger store of aluminium per 100 grams of tissue
then the Liver and more than five and one-half times per unit as blood

The heart and voluntary muscle contain relatively small amounts of
ahuninium.  But when we consider the large mass of muscular tissue, as
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compared with the spleen, for instance, it is evident that the total alu-
mininm stored in the musele mass may reach an important figure,

The adrenals contain very litte aluminium, the erary none, the {esticle
onty a trace, if any. The large amount in the thyrodd is very striking, It
must be pointed out that with a tissue s small as adrenal; ovary or
thyroid the error is multiplied greatly in the final caleulation.  But this
is not the most important faetor since the average for the aluminium
actually present in the thyroid elands was 0,078 mgm., a significant
figure.  In the adrenals often no aluminium is found but there is always
an appreeinble amount present in the thyroid. ’ '

From these observations one is foreed to conclude that aluminium

oeenrs in the blood and tissues of animals maintained in o fasting condi-"

tions for a period of seven days. The spleen, brain, liver and kidney hold
relatively large amounis, while the bile is richest of all in aluminiunm.

In view of these facts one must, then, consider aluminium as a constant
constituent of the adult animal body.  The bile may be regarded as the
chief path of exeretion of aluminium.

The aluminiwm conlent of the blood and tissues of dogs maintained on an
ardinary (control) dief. When one turns to an examination of the results
for the seeond group of dogs (table 2), those ona diet considered “normal,”
0 that no atuminium had bheen added to it, one finds o slightly different
atate of affairs. The aluminium in the blood is, on the average, 0.13
mgm. per 100 ce. higher than in the fasting dogs, while the liver averages
are lower by 0.28 mgm., the bile hy 0.04 mgm, the kidney higher by 0.28
mgn., the brain by 0.20 mem. and the spleen by 0.17 mgn. These
difierences, except for the bile, are significant.

The slightly higher value for the blood points either to absorption fromn
food, or, in view of the smaller quantity found in the liver (table-24),
to an angmented release of the metal from the fiver into the blood stream.,
The inerease in aluminium may well come from the food ingested, sinee it
has heen shown that practically all of food substances may contain alu-
minium (12).  Flour is partieularly rich in this clement. Whether the
alnminitm in foods is due to its natural oceurrence or whether it may be
regarded as a contamination eannot be decided at present. It is probable
that with some foods both alternatives are correct.

In spite of the inerease in the blood there is not a corresponding inerease
in the bile. The bile contains practically the same amount of aluminium
as that of the fasting dogs.  The ratio, however, between the content of
the hile and liver is higher than for the fasting dogs, pointing, perhaps, to
a more rapid exeetion.

The quantity of aluminium found in the kidney is greater than that
found in the kidney of the fasting dogs, and about twice as mteh as that
found in the Jivers of the same group (). This may mean inereased
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storage.  Or it may merely be the result of the exposure of the kidney
tissue to higher concentrations of aluminium in the blood. Not only
that, but in view of the nuiritional condition of the two groups of dogs,
one might expeet differences in the handling of any particular substance,
o that in this case, the kidoey may actually be more active in excreling
the aluminium than it is in the starving animals. :

That the livers of well fed animals may eontain less aluminium than
livers of starving ones is demonstrated. The explanation undoubtedly
lics in the differences of the state of nutrition in the two groups. It may
he possible that in the fasting animal changes in the composition of the
Jiver have oceurred which eause such a liver to yield an apparently higher
content of aluminium than the liver of well fed aninals, a liver which has
not undergone a similar alteration in composition. 1t is inferesting to
note that the moisture content of the livers of the two groups varied some-
what. For starving animals 1 gram of dried liver was equivalent to 3,28
prams of wet tissue, for the fed animals the ratio was 1:3.46, (averages)
showing o difference in compuosition with reeard to the water found there.
We know that the liver, during starvation, loses large stores of fat and
glyeogen.  lach eell is o system maintaining chemical equilibrium with
its surroundings.  The losy of glveogen and fat must resuit in a more
unstible equilibrium which tends to be adjusted in some way.  All the
joms whieh can be held are probably held tenaciously.  Before a correet
inferpretation of these results can be made, therefore, a siudy of the
influence of fasting on liver composition should be made.

The average figures for the hrain and spleen in this group are higher
than for the starving group, seemingly indieating that the tissue acts
ax a4 storage place for aluminium, which is tuken from the blood by
these organs.

The differences in the other organs are not striking. Only a trace of
aluminiwn is found in the musele, none in the adrenal or ovary. The
differenee in the thyroild we cannot explain.

The conclusions whieh may be drawn from this series of experiments are
these: that the aluminium content of the blood of animals which have
been fed on a diet to which no aluminium has been added, is slightly
higher than for sfarving animals. The tissues examined also contained
auminiunm.  The ratios between the values for aluminium are different,
and point to a differenee in the handling of this metal in the two nutritional
atates, As in starving animals the bile is a most impoertant factor in the
clirnination of aluminium.

Au cordinry diet” in the sense that the term is used here, may be a
conree for the aluminium found in the blood.

The alaminivm codent of blood and tissues of dogs afler a single feeding.
of Jood containing adided aluminium.  This seetion of the investigation was
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an attempt to determine when aluminimn first appears in the blood after

a meal containing considerable amounts of if, and the period of greatest

absorption. By this means it was hoped to establish definite Tawe for
alumininm absorption.  When the results are examined, however (table 3),
it is found that variations in these factors are so great that no definite
s for aluminium absorption may be formulated. It was also hoped to
determine any difference hetween the body's treatment of shninium from
alum-phosphate and straight-nlom biseuits,

an examination of the results obtained from this group of animals

brings 1o light interesting information relative to the hehavior of alu-

mininm i the body, The average aluminium content of the blood is
higher thau in either of the two preceding gronps. Considering only
avernges, there is evidenee that alumininm is abgorbed more readily from
food very rich in it than from an ordinary diet. ‘

When one examines the data eritieally, however, wide variations from
the aversge are seen to oceur.  This hias not been observed in the two
preceding groups.  Also, many times the pre-feeding level is higher than
in the control groups. [f one uses the pre-feeding or the one-hall hour
level for comparison it is scen that the aluminium in the blood increases
markedly in dogs 25, 27, and 30, moderately in dogs 26, 33, 34, 35, 56
and 13, and actually decreases in dogs 29, 32, 38 and 39, and docs not
appear at all in dogs 41 and 42,

~When there is an increase the interval before its appearance differs
greatly.  In dog 25, after an initial decrease there was a rise in the fourth
hour, the maximum occurring in the cighth hour. In dog 27 there was a
gradual, slight rise then a fall, followed by a lurge increase in the ninth
Lour.  In dog 30 the highest level was found in the sixth hour, in dog 35
at the end of two hours.

It is evident that wide variations in the alumininm content of the blood
may occur at different times following the ingestion of food containing
comparatively large quantities of it.  The celerity with which aluminium
appears in the blood after such a meal depends upon many factors,
especially on the condition of the alimentary tract. I digestion were
sluggish absorption might be retarded.  If the aluminitm-containing
food, mixed with fairly large quantities of gastrie juice, passed quickly into
the intestines absorption might be very rapid.

That individual animals vary widely in their response to any given
treatment is well known and st always be borne in'mind. Dog 35 is
perhaps the most interesting individual of this group.  Not a robust or
active animal, it ate less than any of the others, yet there was a prompt
inerease in the aluminiuin of the blood.  This shows that the amount
abworbed is not dependent on the absolute gnantity of aluninium eoe-
taited in the food, ‘
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For all these animals the rise of aluminium in the blood is very transitory,
any sueh jnerease tending to disappear rapidly.

What may oceur hetween the bleeding periods, or hetween the tenth
and the t\\‘(‘rAit\’-f()llI‘!'ll Lour when the animals were killed, is not apparent.
1t is possible {hat those dags showing little or no absorption might have
exhibited an inerease in the later hours,  Gies (13) remarks that “the
amount of aluminium in the blood at any moment after the ingestion of
aluminized food, is but a fraction of the quantity that may occur in the
hlond of the individual during a given day—lavger quantitics circulate
throughout the body mennwhile, under such conditions.”’ '

The fnet that the blood of {he animals showing little absorption {dogs
26, 2%, 12, 38, 39) ix senerally much richer in aluminium than t}?e others,
sugpests that previous to the experiment their diets had c.ont:).m(‘d con-
siderable quantities of aluminium. This fact may also be mt(‘rpxj(\tcd to
mean that the blood or indeed any of the tissues may become, as it were,
caturated with a given metadlic ion for the time being and be then unable
to earry any hurther added inerem®nt, Such a condition has been Sl'lg,-
gested for arsenic and there is no apparent reason why this explanation
would not hold for aluminium. '

The response of the animals to straight alum biseuit does no‘rj differ
materially from the response to alum-phosphate biscuit. ‘.‘v"l‘fllc the
average for bloed is slightly higher it can herdly be regarded as evidence of
greater absorption since the values both at the beginning and end are
consistently higher. ) o

The livers (see table 3A) in this group show definitely less aluminium
than the fasting, and slightly less than the control group. This, when
the higher firure in the fnleds considered. points to increased act,i\'it}" of the
Jiver in picking out and exereting large quantities. This explains, in part,
why the aluminium does not attain an even higher coneentration in the
M«;m]‘ and why a high concentration is not maintained long.

'l"n:ﬁ the k(’(]?u’g/ contains less aluminium than do the kidneys of the other
group suggests that the body employs the most efficient means for the
exeretion of large amounts of this metal.

The quantity of hile exereted by dogs has been determined (14). It
vares from 2.9 to 364 grms per kilogram of body weight,  For the
average weight of this group, 16.2 K., that would be 36.9 to 5807 grams.
1 we assmne. for the sake of illustration, that the bile as it is excreted,
contains as much aluminium as that found in the gall bladder twenty-four
Lour after feeding, it wouid mean an actual exeretion of 0.93 to 14.6 mgm.
of the metal for twenty=four hours (using the average figure for bile).
While these figures are only approximate, they serve to illustrate the
point tha surprisingly large quantities of aluminium may be excreted

in thix way.
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“The average aluminium content of brain and spleen i, slightly higher
than for the previous groups, as one might expeet, realizing that the.
tizsues have been exposed ton Dood vicher init. The changesin the other
fissnes are less remarkable. .

Frone these experiments it is evident that aluminium is dhsorhed from
foed to which it has heen added, Dhut the quantity appearing in the blood
dees not reach a high level, Phe rise is transitory; the quantity {ending
o diminish rapidiy. The alumininm residues in eilher type of biscuit,
supposed to be aduminium phosphate in one ease and alumininm hydroxide

i the others st be in partsoluble, and the aluminium from cither sonree -

i< ubsorbed.

Aivinmium is found in the most important organs of (he body, in the
Peain and spleenof these animals in larger quantities than in controls, in
the diver and Kidney less. The hile is, however, richest in aluminium
and must be considered a most important exercetory path.

Abwminivm content of Wlood and lissues of dogs maintnined for one week
on o dict do which alumdniune had been added.  Table 4 shows what was
suggested before, that absorption tends to be greater in the Iater hours
after the ingestion of aluminized foods. In dogs 44, 46 and 47 there
are marked inercuses in the aluminium of the blaod in the later hours of
the last two days.  In dogs 15, 48 and 49 the sluminium rises slightly.
Iiven dog 50, a “control,” shows the sume tendeney.  While the averages
here are not mueh higher than for the normal unimals of this series or of
group I, this relatively large jnerease in the sixth and seventh day must
be taken to mean an inerease in absorption in the later hours after feeding,
That the level tends to drop quickly is shown again by the Jow figures at
death. Tt ix alco seen that the organism did not distinguish hetween the
two fors of aluminium administered,  Both were abzorbed.  More is
absorbed when the quantity in the food is large,

The aluminiwm found in the Leer (see table 1A) is higher than for any
previous group of animals excepting the fasting dogs, and the kidney is
lowest for all groups. The wmnount in the bde is Large, although not as
large as in the preceding group.  Again the brain and spleen hold appre-
ciable anounts, but the difference hetween the values and those for the
previous groups s not striking, Compared with control animals-of the
same gronp (dogs 50 and 519, this group shows more aliminium in the
liver. bile and brain, and less in the Kidney and spleen than the controls,
Why the vidue for ¢pleen in these two control dogs i so muceh higher than
for uny other group we cannot explain. Nor can we explain the very
large ahimininm content of the thyroid dand of these two dogs. There
arene very remarkable differences in the other OrEAns,

The quantity of alumininn in the bile ix less than in the single feeding
arovp, but this seems to he buluneed by the increase in the liver.  The e
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is Tess ndmminian in the Kidnevs of this group than inany other, indicating
that in this case ot least the hidney is not <o greatly concerned with the
climination of abnminingg ax the bile and liver.

TEds interesting to note that the control animals maintained the same
order of ahinminin storage as in group Hoand group T, that is, liver,
Mdney and bile, whilis the experimental animals live estublished o new
order of nmagnitade for stevege, - kidvey, liver and hile, This indien s
again the use of the most eflicient menns of removing Irge quantities of
alumnnium. I must be mentioned again that when the animal body is
subjected to Tirge excesses of alumininm for a prolonged period, any one
ergan nay guickly beeome saturaied with this meral, <o that cven large

quanitities inay exist incthe blood, Tait the quantity inuny particular organ
AN nol nerease, :
This series of experiments leads us to the same conclusions we have
reaehied before, that aluminimm is absorbed from foods containing it, and
appears in the Blood and eerfain tissues, that the fiver and bile ave the
organs chicths coneerned with its Sceretion. In addition we may conclade
that the greatest absorption oceurs after the fiffeenth honr following +he
inpextion of food containing larec quantities of slundniom.
Toealwnidniunme content of blood and tissues of dogs maintained on on
alinei i ws=rivh dict for four weeks, By prolonging the period of feeding of
exerssive guantities of aluminium one should e able to show whether
the animal organism will establish a “tolerance” for the metal, whether
soree alteration in the method of dealing with it will ocear, or whether the
aiumminiinn conient of the blood and tissues can he pushed to still

higher fovels,
Tuble 5 shows the results obtained by the feeding of large quantities
of aluminnm for a period of one month.  Here the changes are very

striking.  Considering first the average fioares for the blood of dogs 52,

A aned MU i seen thet the alumininm found in the blood the sccond,
fonrth and sixth hours alter feeding diminishes steadily, week by week,
so that by the fonrth week there is found Tittle more than one-third the
amount found in the first week in the same time interval. The mdividuals
showing this very strikingly are dogs 53 and 51 A similar (hing happens
in e cose of the abmm-phosphate animals {55, 56 und 57) exeept thut the
level tends to rise slightly after the third week, Dog 56 illustrates this
erpecially well - On e whole, however, the terddeney is distinetly toward
ahvering of the gquantiny of ahiminium in the blood,

This pomts o decreased sheorption, Big absorption is still probably
kg piace assome of the igues obtained at the death of the animal
show, 1 wonhd coenn thae the tendeney s for less and lesx alumininm to
D steorhieg s vhe woehs o on, b the process does not stop, it merely
ks plaee ynore siowlve oy the permenbility of the eapillavies af

€81



METABOLISM OF ALUMINIUM )

e nito-tinal wall has been aitered by ‘expostne to exeessive quantities of

Sniemccmpounds over o long period.

it
l Winle fhere ixosenie varintion among individuals of the same group,
(he e v abots are not very striking, snd the averages obtained are lower
e Ter e dogs ol grogps 3 and 1.

e slensiniem content of the blood of the two control dogs deercases
ooy brt thisean hardly e considered evidenee of lowered aluminimn
steorpiion, bt rather thet, with o food relntively free of aluminium,
s amotnts of (he metal s may have heen stored in the body have

Sodao e oliminated. The sluminium in the blood of dogs 58 and 59
oo e Jevel Tor fasting dogs.

A decresce o n the abrorption of aluminium is evideneed by the slight
Cerense i the alemininm of the liver (see table 5A) and the marked
iecorense in (he bile as compared with dogs of groups I and 1V, Dogs
a5 55 and A8 show more ahnmipiunt in the kidoey than in the diver,
whine e others show more in the liver.

Considering all six almiinium fed animals together it is evident that
lthongh all the values are higher, with the exeeption of the kidney, than
the vontrolanimals of {his series the differences are less marked thau in
the other fwo wroups (L and IV),

One micht expeet to find largely augiented quantities in some other
organ to account for the smaller quantities found here. Tt has been said
that the spleen and panercas are especially rieh in aluminium after the
profonged wdminiztration of food containing it (15). Apparently this is
pet covreet tor the spleen has little nvore than that of the control animals
and ahont the same anount ax those obtained from dogs
fedd aliminized food only onee. Nor Las the brain content increased, but
Lax rathier tended 1o deercase, when compared with that for the single
feedine or one week dogs. The changes in the other organs.do not scem

of thiz grou,

renirkable.

In generad, the evidenee seems to point (o a deereased absorption when
o dier containing luree wnounts of aluminium is fod over a protracted
period. T The Jessened quuntity in the bile possibly indicates lessened
exerciion beemise of 4 Jower blaod level

AlumiinZiom emdent of ool and Lissues of dogs mointained on an alu-
! 7

peircdigeroch dict for feclve eeks. This experiment was planned with the
red to deter-
wine by owhat meehamism the organism adapts itself to the long continued

cenue Sretors inonind pein the preeeding eroup, 1t was dest
i rtion of ahoninivn.

Tobie 6 <hows the resudts obtained for the blood after a twelve weeks
voviod of sueh feeding, Ticgenenad the results coinetde with those for the
v bre wronp. The aliominione i the blond tends to decrease as the
There is some variation whicl is not dependent on the time

e tbe Bleod samnples were fnhen, or on the condition of the animais.

'
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This experiment was done during the summer months, Usually the
animals ate well the first three or four weeks, then the appetite failed,
they might even refuse to eat for {wo or three days. Usually when
appoetite failed markedly milk was given for a few days in addition to the
food.  This generally resulted in improvement in appetite. Sometimes
veast was also given, '

Dog 61, showing the lowest average for the whole period began to lose
appetite very seon after the experimient began. A skin disease developed,
the animal being covered with absecsses which beeame large bleeding sores.
It beeame go sick it would not attempt to cat or even move. It was
given milk, a quart at a time, by stomach tube, for a few days.  Improve-
ment started at onee, by the end of the experiment it was cating all its
foud, the skin had healed and new hair was growing.  Iiven under these
various eonditions {he aluminitn in the blood did not change much,
maintaining a fairly constant Tow level after the thind week exeept for
the ninth week when it rose 100 per cent, then dropped agnin,

Deps 63 and 65 maintained their appetites and good nutritional condi-
tion during the entire period of the experiteent, appetite beginning to fail
only in the last week.

That the quantity of aluminium in the blood is not dependent on the
absalute amount ingested is again illustrated. Dog 60 wte well the first
four wecks, the bleod value varying during the time from a high figure to
a low one.  The seventh weck, when the animal was net eating well, o
high figure appears.  In the Jater weeks, after the appetite had improved,
the wlumininm falls fo a fairly low level.

3v comparing the average hlood content of this group with that of
group V, it is found that the values are practically the same except for
‘the alum phosphate dogs, for which the level is slightly lower. The
averages for blood of dogs fed both types of biscuits are low in this experi-
ment, hut still slightly higher than for controls, indicating that even
though absorption has deereased markedly it has not stopped altogether.

As in the preeeding groups (see table 6A), liver and bile are chiefly
coneerned with excretion and storage.  The average content of all the
organs tends to be slightly higher for the twelve week animals than for
the four week ones, except for controls, which are mueh the same in the
two groups.  While absarption has seemed to he deercased, storage in
the organs has gone on, as weil as efficient excretion in the bile,

The experiments of Myers and Morrison (16) in so far as they are com-
parable with our own show quantitutive rather than qualitative differences,

Grxenan psevssiox,  These experiments contain many interesting
suggestions relative to the behavior of the animal body toward aluminium,
and perhaps toward metallie fons in general.”

We know the absurdity of erediting to the absorbing elements of the
gastro-ivtestinal traet any oecult diseretionary power with respeet to the
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cubstances to which they are exposed. “The body ahsorbis substances,
regardless of their beneficient or harmful effeets; in accordance with
ph.\'h‘i"‘""l“"“i"“] Iaws,  The process goes onin a definite way, and depends
an the relative coneentrations and solubilities in the various components
of the body. The tenddeney with respecet to any given substance is for o
chifting equilibrinm ro be established between the various organs, the
blood, the viph and the gastro-intestinal tract.

I these experiments such an equilibrivm is definitely indieated, It is
ceen that the aluminiim content of the hlood shifts from higher to lower
tevels dnring the experiments, depending in o general way on the amount
of aluminium ingested, with the exeeption of the last two experiments,
when another factor, namely, permeability of the absorbing elements, has
e sumably altered.

H‘i;; apparent also that the equilibrium is changed with some difliculty
sinee the ingestion of Jarge amounts of alumininm-containing foods docs
pot often result in a large incerease in the blood or tissues,  The general
trend is toward an increase, but the establishment and maintenance of a
Ligh Dlood level by means of feeding seems impossible.

While ahuminium was found in the blood of all but two of the animals
tested we are unwilling to state that aluminium is a “physiological” metal
in (he sense that caleium. or magnesium is.  Sinee ll‘xe amount varies
considerabiy we are inclined toward the viewpoint that it should be elassed
rather with copper and arsenice. '

If it should be proved a “physiological” metal, that is, o necessary
indispensable jon, it s difficult to d(‘?ill(! just wh:’n. !ﬂl); }L;I;t::):\:::r,l}ltllr)t{
Stoklnsa (17) assigns to alumininm important fun‘ct,i(ms in plant life,
eapeeiadly in photosynthesis, germination and growth,  Balls (18) recalls
the suggestion of Papillon that aluminium may act as a substitute for
metals, notably iron, in which the diet is defieient.  Balls himself, on the
pasis_ of rather scanty evidence, suggests that aluminium may replace
iron in ferruginous proteins,  Bertrand (19) names aluminium as one of
the metuls always oecurring in the animal body, which may aet as cata-
}:ysc'rs in vital processes. That it does not catalyse rt-:1<'t{oxxs oceurring
during museular activity is suggested by its occasional absence from both
heart and voluntary muscle.  There have been suggestions that aluminium
plays a role in reproduetion (20) (21), 7
. Table 7 summarizes the averages for the various groups.  While caution
Is necessary in drawing conclusions from averages, this method is more
fuzr, considering the large nwnber of animals, than comparing individuals,
flt 1)5 1'0 })(‘. (‘:\'letvd that indi.\'i(h.mls may occasionally be found which show
the contrury trend.  [u this diseussion we eonfine ourselves entirely to
theee Jarger, more obvious and general tendencies,
l(‘nnSM(-ring the orgaus firsf in respeet to the abunininm per wnd of
Leeite we aye surprised at the very high result for the th;\'mi(l, which

: :;R. FHANK P UNDERHILL AND 3L L PETERMAN

contains nearly three times as much as the next highest tissue.  But the
thyroid, ax has been pointed out hefore, Leeanse of jts very small size,

ennrof he considered an inporfant stornge depot for shuninium. Juf the

faet 1het this tissue pieks ot aluminium in sueh Jorge amounts would
ceetn 1o have some significance. s aluminium neeessary Lo the metabo-
listn of the thyroid? s aluminivm a vital constifuent of the gland or a
fortuitous impurity attached to colloids? That this is not a property of
glands in general is shown by the relatively small aanonnt in the other
clonds examined, namely, adienal, overy and testicle, No aluminiumn was
fourd in uny of the ovaries examited. It is sonsetimes present, somelimes
abeent in the testicle and adrenal. In the adrenal the amount present
has no diseernible relation to the experinental procedure.

St considered on the basis of unit content, the spleen is the sccond
rieliost organ, containing over HU per cent more alumininm than the
prain, which in turn contains nearly 60 per cent more than the liver
and kidney.

The bile is, in every case, \'(‘1':.'\1'3(‘11 in aluminium. This shows con-
clusively that here is the most mportant channel for exeretion. It is
probable that some of this exereted aluminium is again absorbed.

When the aluminium stores of the organs are considered in order of
aetnal importance heeanse of size, the liver must be given first place. The
brain i= nest in iportanee with the kidney and spleen nearly equal, for
while the spleen weighs less than the kidney its aluminium content is
preater. The heart and voluntary musele are much less important as
storage depots for ahunintunm.

The pencral differences noticed between the animals fed once, or for
ore, forr or fwelve weeks merely illustrate dilferent stages in the same
process, nemcly the phvsiological adjustment 1o the continted adminis-
tration of Large amounts of aluminium in the foed. At first, after a
cingle foeding, the hody adjusts by absorbing relatively large quantities,
“oring o Iarpe share in the hrain, spleen sl other tissues, and exereting
pnich through the bile. At the end of one weel's feeding the body is
il wdjusting in much the same way and to about the same extent.
Bt after 2 month's exposure to this treatnent absorption is definitely
decreasing and storage and exeretion concomitantly, though excretion
throngh the hile s still farge. After three months, absorption has de-
ereased Turther, but the alwmininm absorbed s treated in the same
nenner as hefore,

We nre not in o position to state whether decreased absorption means
decrensed permeability, tha is, injury, of 1he eapillaries of the intestinal
Gaet, TR oy very well Beoanother purely normal physiologieal
adjustioent. On the other band, ean jessened absorption be regarded as
a profeetive anechaniom against possible injury by alumininm?  Its
D iduovics i this respeet ixostrikangly like that of arsenie. There was no

\
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evidenee, fran obsevvation of our animals, of nuy hmpairment in health
due to these dietarios,

CONCLUSIONS

I Almmniuo occurs incthe Blood and tissiwes of normal fasting dogs.

20 M ceenrsin slightly Toreger amonnts in the blood and
tiswries of dogs fedcdien to whieh no 2luminiu bad Deen acdded. There-
fore sl i preseut in and absorbed frony the ordinary diet.

»

S0 At s prowptly absorbed inosmall quantities following a
<ot feedine of Tood to whieh i Tiis Been addod,

A Ay continues to be absorbed wher aluminiumerich diets are
Lo oo vnrions petiads of time,

oo Afor prolonged periods of feeding with food rich in aluminium,
aheorpiion of the metud deercases,

. Concomitunt with the deerease in abhsorption there is a decerease in
srorape amd exeretion,

7. The almnininm absorhed cireulutes in the tlood, ix-stored espeeially
iv the ver, brain, kidney, spleen aud thyroid.

s, The bile is the chiel exerctory path for alinninium,
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STUDIES IN THE METABOLISM OF ALUMINIUM

IV. Toe FATE OF INTRAVENOUSLY INJECTED ALUMINIUM

FRANK P. UNDERHILL, F. I. PETERMAN axn S, L. STEEL

From the Department of Pharmacology and Toxicology, Yale Unirverstty,
New Haren, Conn,
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The fate of aluminium after intravenous injection has not been ex-
tensively studied. Steel (1), in four dogs, found 5.27 to 11.11 per cent of
intravenously injected aluminium in the feces in the three days following
the injection. The remainder is not accounted for.

Recently Myers and Morrison (2) have shown that when ahuinium is

arenterally introduced into dogs it is widely distributed in the tissues and
is only slowly excreted.

Aluminium is very gradually absorbed by the dog from aluminium;rich
food, the quantity in the blood seldom rising to a high figure (3). Thus
far one has been unable to cause-a large and sudden increase in the blood

value by means of feeding. In the present study an attempt has been

made to learn in what ways the body would react to a sudden increase inthe.
aluminium content of the blood. An amount of aluminium was injected
which was slightly greater than the largest amount found in the blood after
feeding aluminium-rich food. It was planned to follow the rate of dis-
appearance from the blood and the time of appearance in other body
fluids, as well as the rate of increase and decrease. ’

ProcepurE. Dogs under morphine-atropine-ether, or amytal anes-
thesia were used. The femoral vein was exposed for injection purposes.
It was not ligatured, injection being made slowly through a hypodermic
needle from a burette. The femoral artery on the opposite side was ex-
posed for blood collection. This was usually clamped off, but a free flow
of a few cubic centimeters of blood was allowed before the sample was
taken. Blood samples were collected directly into Ostwald pipettes, no
oxalate being used. ‘

Urine was collected by means of a catheter. Lymph was obtained from
the thoracic duct. Bile was collected from the comimon bile duct after the
gall bladder had been tied off.

Both lymph and bile were collected directly into weighed silica crucibles
and samples weighed.  When bile was being colleeted, 15 to 20 ce. of 0.4
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per cent hydrochloric acid was injected into the duodenum to stimulate
the flow.  This was not usnally repeated. o

Stomach and intestinal loops were made by the insertion of large can-
nulae.  The entire stomach and large intestine were washed an(lhﬂ. loop
of small intestine about three feet in length, below the (*ntrun(;v of the bile
duct, was washed with warm saline, the last washing before the injection
being used as a control sample.  Inonly one case did any of the washings
contain more than a small trace of blood. )

Iivery precaution was tuken to prevent contamination of samples.

The solutions used for injection were aluminium sulphate or aluminium
chloride dissolved in normal saline.  In one case 10 mgmn. of aluminium
per kilo were given but the dog dicd suddenly, and the aluminium of the
blood was too high to be accurately estimated by the method used. The
usuil amount given was 1 or 2 mgm. of aluminium per kilo.
was made slowly.  The animal was kept warm.

ANALYTICAL METHODS.,  Aluminium was determined by means of the
method already deseribed (4). )

Phosphate was determined by a modification of the Bell-Doisy (5)
method as follows: 50 ce. of the saline washings were evaporated to dryness
in a silica crucible and ashed at a low red heat. The ash was dissolved in
5 cc. of 2 per cent trichloracetic acid and 1 ce. of sodium sulphite, 2 cc.
molybdate solution and 1 ce. of hydroquinone were added. Star’xdards
prepared at the same time contained 1 to § ce. of standard phosphate
solution in a final volume of @ ee. All phosphorus was thus determined
as inorganic phosphate.

Restvrrs.  The protocols reproduced below illustrate the procedure and
show the results obtained.

I. The examination of blood, urine and bile.

The injection

Ezperiment A

Dog, _weight 14.2 kgm. Intravenous injection of AICI; solution. Given 2 mgm.
Al per kilogram = 71.0 cc. solution = 28.4 mgm. Al.

BILE, »
mve | e, | AVIO TR mEMARKS
mym. mgm. mym,

12:20 0.18 Trace | Normal. 15 cc. 0.4 per cent HCI injected

X into duodenum
12:35 None Normal
12:40 Injection begun
1:00 0.72
1:08 Injection finished
1:10 4.32 All urine pressed from bladder
1:24 0.83
1:38 - 4.16 3 hour
i n 0 I
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R Experiment A—concluded . g II. The examination of blood, urine and lymph. In the first three of the
1 f { N . .. . A . .
e | muoon, bopar L e N follo'»?u_lg exporlmon‘ts. aluminium s.olutmns were injected, in the last ‘thv
W AV ] Gnavs | AL ce. { aluminium was administered per os in baking powder biseuits.  Tn the first
—— ! o experiment an excessive dose of aluminium chloride was given and the dog
mym. mgnm. mem., ,t? s .. e A
pi0s | 4.01 | 1 hour died suddenly before the full amount had been injected. The protecol is
2:40 | 2.5% | Volume 32 ce. Total exeretion 0.83 mgm, p included however as illustrating the excretion of aluminium through the
2:50 { 1.16 : lymph. '
3:08 1 3.54 ) i 2 hours 2
3:35 l 0.79 b Experiment (¢
4:18 t 0.70 - ) i 3 Dog, weight 136 kgm.  Intravenous injection of AIC!; solution, 5 ce. = 10 mgm.
4:30 1.29 | Volume 33 ce. Total excretion 0.45 mgm. ! Al Given 10 mgm. per kilogram.
08 D 3.37 0.74 1 hours - 1 ; -
5:55 i 0.66 BLOOD, ' LAY!M{’H" ‘l VRINE, . .
6:08 3 3.19 5 hours Al 100 ce. umf“:’s 1 AL/100 ce. REMARES
6:55 i 0.62 1.57 1 Volume 48.5 ce. Total excretion 0.76 mgm. _,Al ; )
-:03 | 2.69 1'()6 6 hOllrs ) mem. L. “ magm,
__‘W ‘ " — 11:30 [ None | Normal
Total urine volime = 115.5 ce. . 1 12:0(3 0.04 None | Trace I\'o.rmz}I .
Total aluminium in urine =  2.04 mgm. _ 12:35 | } I“’JCC“OH begun; 1 ce. per munute
Total bile ) = 14.978 grams ! 1:10 5.81 | 2.16 } 0.067 Dicd suddenly
Total aluminium in bile = 0.110 mgm.
) 4 NExperiment D
E:tprru-ncnt‘ B ) , Dog, weight 11.1 kgm. Intravenous injection of AICl;, 5ce. = 20 mgm. Givenl
Dog, weight 16.3 kgm. Intravenous injection AICl; solution, 5 cc. = 2 mgm. AL f mgm. per kilogram. Amytal anesthesia.
Given 1 mgm. Al per kilogram. " l
RLOOD, LYMPH, URINE
’ Al/100 ' REMARKS
BILE, : Al/10D ce. Al/100 cc.
BLOOD, Al U|,H‘\E-' REMARKS GRAMS
TIME Al/100 ce. “/A‘g‘; Al/100 ce.
mym., mym. mgm.
mym. mim. mgm. 2:30 0.21 Trace None | Normal
9:45 None | Normal . 2:40 Injection begun
1:35 0.21 None | Normal; 20 cc. 0.4 per cent HCI injected 3:00 Injection finished
into duodenum 3:15 0.48
2: 0.196 Normal 3:30 1.87 3 hour
2:32 Injection begun 3:35 0.45
2:57 Injection finished 4:00 1.82 1 hour
3:27 2.51 | § hour 4:04 0.25
3:57 2.38 1 hour . 4:30 1.82 1} hours
4:22 2.60 | Volume 10.2 cc. Excretion 0.27 mgm. 4:44 0.33
4:27 2.64 14 hours 5:00 2.22 2 hours
4:57 2.63 0.372 2 hours 5:15 0.28
5:27 2.60 2} hours 6:00 2.05 3 hours
. 5157 2.72 3 hours . , 6:15 0.21
6:30 1.95 | Volume 11.9 co. Excretion 0.21 mgm. Al 6:20 4.82 | Volume 147 cc. Excretion 0.71 mgm. Al
6:57 2.79 4 hours . 700 | 2.05 | 4 hours
7:57 | 2.82 5 hours; 5 mgm./kgm. morphinc sub- 8:00 | 213 | 0.28 5 hours
cutaneously 9:00 2.06 0.39 6 hours
8:57 2.03 6 hours 9:10 2.32 | Volume $.0 cc. Excretion 0.19 mgm.
9:57 1.06 1.010 7 hours 9:30 1.87 6} hours
Total urine exeretion = 22.1 ce. Total urine excretion = 22.7 cc.
Total aluminium in urine = 0.43 mgm. Total aluminium in urine = 0.80 mgm.
Aluminium in liver = 0.85 mgm. per 100 grams Total lymph = 56.68 grams
Total bile = 7.054 grams Total aluminium in lymph = 0,160 mgm. —_
. Lp _ " o 3/' ’”’lf) e Avmmintum aantant of Liver = 0 AR mem. per 100 erm g
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following experiments aluminium solufions were inje ctwl in '

PN Ji"m’ ~He,

=1 1ne

aluminium was administered per os in baking powder biscuit=.

)‘ first
experiment an excessive dose of aluminium chloride was given n. . <he dog
died suddenly before the full amonnt had been injected.

The protocol is

included however as illustrating the excretion of alumninium through the

lymph.’

Eeperiment

Dog, weight 13.6 kgm.
Al (-nmx 10 mgm per kilogram.

Intravenous injection of ACL solution,

Jee. = 0 mgm,

LYMPs, . = )
TIME A’{“E:&':‘ E ,‘\‘1‘(::2 “ .-\'I“ll&)‘r'vx i REMARKS
| e e
- ; myn. C me . i raim.

11:30 ‘ i Noue ! Normal

12:00 0.04 | None Trace Normal

12:35 E ! Injection begun; 1 ec. per minute

1:10 i 5.81 f 2.16 0.067 Died suddenly

Ezxperimont

Dog, weight 11.1 kgm.
mgm. per kilogram.

Intravenous injection of AlCl. Sec. = 2.0 megm. Givenl

Amvtal anesthesia.

P

§
LY MPH. ! -

me | e U SR

mym. mgm. mgm. .
2:30 0.21 Trace None , Normal
2:40 ! Injection begun
3:00 ; Injection finished
3:15 0.48
3:30 1.87 ' } hour
3:35 0.43 !
4:00 1.82 : 1 hour
4:04 0.23 .
4:30 1.82 ’ . 1} hours
4:44 0.33
5:00 | 2.22 ! ! 2 hours
5:15 0.23
6:00 2.05 ! . 3 hours
6:15 0.21 ; ‘
6:20 l 482 | Volume 147 cc. Excrction 0.71 mgm. Al
7:00 | 2.0 | | 4 hours
$:00 | 213 | 0.28 | 5 hours
9:00 2.06 0.3% | | & hours
9:10 l .32 ! Volume 8.0 ce. Excretion 0.19 mgm.
9:30 1.87 i { 6} hours

Total urine excretion = 22.7 ce.

: b
TIvE .\'! “\!;l:iiz‘g All/ll{w:‘c REMARKS '
D - 23
ngm, i mym. Mmym. ':&
2:08 I 1.01 ! 1 hour ?‘
2:40 . ! 2.58 | Volume 32 ece. " Total excretion 0.83 mgm. ¥
2:50 | | 1.16 : r
308 % 3.54 ‘ 2 hours - "
3:35 ; 1 0.79 ,,.
118 0.70
4:30 1.29 | Volume 35 ce. Total exeretion 0.45 mgm,
S:08 0 337 ' 0.74 4 hours
3:55 i 0.68
6:08 i 3.19 5 hours .
6:55 | 0.62 1.57 | Volume 43.5 cc.  Total excretion 0.76 mgm.
708 0 2.60 L 1.06 6 hours
Total urine volume = 115.5 cc.
Total aluminium in urine =  2.04 mgm.
Total bile = 14,978 grams
Total aluminium in bile = 0.110 mgm.
* Erperiment B
Dog, weight 16.3 kgm. Intravenous injection AICI; solution, 5 ec. = 2 megm. Al
Given 1 mgm. Al per kilogram
|
i BILE, .
s f Abftoote. | AT
mym. mgm. mym,
9:45 | . None ! Normal
1:35 | . 0.21 None | Normal; 20 cc. 0.4 per cent HCl injected
into duodenum
2:30 0.196 Normal
2:32 Injection begun -
2:57 Injection finished ”
3:27 2.51 4 hour
3:57 2.38 1 hour
4:22 2.60 | Volume 10.2 cc. Exeretion 0.27 mgm.
4:97 2.64 14 hours
4:57 2.68 0.372 2 hours .
5:27 2.60 21 hours ’
5:57 2.72 3 hours i
6:30 1.95 | Volume 11.9 cc. Excretion 0.21 mgm. Al
6:57 | 2.79 4 hours ‘ P
7:57 2.82 5 hours; 5 mgm./kgm. morphine sub- S
cutaneously i
157 2.03 6 hours
9:57 | 1.06 1.010 7 hours “
— 1
Total urine excretion =22.1¢ g
Total aluminium in urine = 0.48 mgm
Aluminium in liver = (.85 mgm. per 100 grams F;
Total bile = 7.054 grams ¥
Total aluminium in bile = 0.31 mgm. i)
: ;
* !

Total aluminium in urine =

- Total lymaph
Total aluminium in Iymph
Aluminium content of liver

!

0.59 mgm.
56.68 grams

0.160 mgm.

0.6% mgm. per 100 grams

5i

C.n
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Erperiment E
Dog, weight 13,6 kgm.  Intravenous injection of AICH solution, 5 ce. = 1mgm. AL
Given Umgm. per Kilogram,

'

t i
L LyMew, I
BLOOD, o0 URINE,

TIME l AL 100 e Mg IAL 10 ce. . REAMARKR
! i
; mant, i Ty M, ! mant, ;
3:15 ! None : No urine i Normal
4:00 | Nome ¢ None Looexereted ! Normal
4:01 | : E : Injection begun
5:00 | © 026 !
5:05 | i ! Injeetion finished
5:30 | P 0.33 :
5:35 } 1.13 ; | 30 minutes
6:00 | | 0.61 | !
6:05  1.15 ! ' ; 1 hour
6:30 ;060 !
705 ¢ 111 ( P 2 hours
7:30 | | 0.38 i
R:05 ¢ 111 J ! i 3 hours
Aluminium content of liver = 0.58 mgm. per 100 grams
Total lvmph = 46.458 grams
Total aluminium in lymph = 0.056 mgm.

Ezxperiment F
Dog, weight 9.6 kgm. Fed meat and alum-phosphate biseuit. Amytal
anesthesia. ’

T I
mgm. mgm,
6:50 a.m. Fed
7:22 Amytal
10:25 Lymph collecting begun
10:55 0.114
11:00 0.000
11:25 4 0.087
11:40 0.000 Lymph cannula cleaned
11:55 ’
12:30 0.079
1:30 0.000 0.061
2:30 0.000 0.060
3:30 0.000 0.064
4:3 . 0.000 0.101

I

Total lymph 45.78 grams
Total aluminium in lymph = 0.035 mgm.
Total urine excretion = 14.50 cc.

¢
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METABOLISM OF ALUMINIUM o

III. Ercretion through the walls of the inlestinal tract. The following
experiments illustrate the exeretion of aluminium through the walls of the
intestinal tract.  In the first experiment aluminium only was determined,
In the others phosphate was also determined.  In the last experiment
the injection fluid consisted of nornal saline only and thus constituted a
control.

Experiment (s
Dog, weight 10.0 kgm.  Intravenous injeetion of AL(S00),, 10 cc. = 1.0 mgm. AL
Given Lmgm. Al per kilogram.

| | sMmaLL LARGE |
e i HTOMACH | N . oy . URINE, N
TIME | T0TAL Al ¢ TO;:;"I:{' l;g’;?::l\\{' ;\1/ 100 cc. REMARKS
‘ AL AL
| mym. mym. mgm. mym.
9:30 ' Amytal
11:30 i Ether
2:5 ] 0.000 0.000 0.000 0.000 : Completion of first washing of
| a I loops
12:32 Injection begun
12:58 I Injeetion finished
6:15 | 0.017 0.030 0.067 2.050 | Sceond washing
i !

i

Notes: January 10—Dog not fed
January 11—Dog not fed
January 12—Dog given 15 grams MgS0,
January 13—Experiment performed
Total urinary exeretion 12:30-6:30 = 30 cc.

Lzperiment H

Dog, weight 11.1 kgm. Intravcnous injcetion of AlCi; solution, 10 ce. = 1 mgm,
"AlL Given 1 mgm. Al per kilogram,
ALUMINIUM TOTAL PHOSPHRORUS TOTAL
TIME \ L s " 1 REMARKS
. Smul 3 . § Large
Stomach imz:‘:;nc im:.“;t’.lienc Stomach int::r:":ine int:sline
t
mgm. mym. mom. mym. mym. mgm.
Feb. 20 Dog not fed
Feh. 21 15 grams Mgs0,
Feb, 22 »
7:15 Amyial
10:55 | Trace| 0.39 | 0.002| 0.19 | 0.38! 0.17 | Normal contrel samples
10:58 . Injection begun
11:2%8 Injection finished
2:10 | Trace| 1.28* | 0.007 | 1.41]23.2*{ 1.56 ] Died. Intestinal  tract
coungested

* Washings contained much blood.
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. . -
Erp riment 1
Dog, weight 16.0 kg, Lntravenous injeetion of AT 10 ce. = Tmgm. Given
1 mem per kilogram.
' ALUMINIUM TOTAL PHOSPHORUS TOTAL 1
Z;.\U‘ - """"“"’ ) - o - . - KFAMARRKS
Gy Smadt Taeee g Sl Luri
SO hrectine imvs\inc] PMRATT dptestine intesiine
msm wipne, omam., pide, o vrhom .
. ; : H—— R
Mar. 260 i Not fed A
Aar, 27 l L 15 grams Mg=Oy
Auar, 20 ! i
RS A ; : : CAmyial
1050 L0 0,000 0082 025 0 0T 0.0 Loops washed,  Control
‘ . ‘ sample
1055 : ' Inicetion hégun
11:00 : Lnjeetion finished

3eoy 0026 chost 00720 005 0 20T 0.8 Died.  Intestines ap-

.
' peared normal

Erperingnt J—eontrol crperiment
Dog, weight 14.0 kgm. Intravenous injection of physiologieal wuline solution,

10 ce. per kilogram.

E ALTMINIUM TOTAL i PHOSPIHOROS TOTAL
TIME i = -g:-_: II E i = } E 1 _E_ YREMARKS
g ¢l o8 Z ERR
R I e T I - U N D
mym. | min mim. t mym G, 1 mgm
May 19. : Not fed
May 20 ' Not fed
May 21 K 15 grams MgSQO,
May 22 !
7:15 Amytal
9:50 0.000! 0.000; 0.000/ 0.70 | 1.02 1.00 | Loops washed. Control
i samples
0:55 ‘ Injection begun
10:40 \ | ! Injection finished
3:00 p.m. 0.000‘1 0.000] 0.000; 1.50 3.40 \ 1.19 l Died. Intestinal tract ap-
‘ | peared normal

|

Discusston oF resunTs.  The fate of aluminium after intravenous in-
jection of 1 or 2 mgm. per kilo in the dog is shown in these experiments.
Tts distribution to the various fluids of the body oceurs promptly. Alu-

miniuin appears in the bile, lymph and urine in a few minutes after the
At the same time the amount in the blood tends to decreasc

— e R

injrction.
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although fluctuations occur. The rate of disappearance 35 slow, the
aluminium of the blood sometimes maintaining a fairly constant high level
for 2 number of hours.

The rate of disappearance also varies from moment to mornient, as does
the rate of increase or deerease in the other fluids. This must-depend on
complex physical fluctuations such as cireulatory rate and blood pressure.

The amount of aluminium appearing in the bile, lymph and urine is not
always cnough to account for that which has disappeared from the blood
in the same time interval. This points to storage, temporary or per-
manent, of some of the injeeted aluminium. If we may suppose that a
dog fasted for a day or so before the experiment is in “alwinium-cqui-
librium” we might expeet that all the aluminium injected could be re-
covered if the experinent could be prolonged sufficiently.

Ixperiment T suggests that aluminium may e absorbed from the gastro-
intestinal tract by the Iymph, rather than through the blood since the blood
throuzhout this experiment did not show aluminium, while the Ivmph did.
We live no normal control sample on this animal, but from the results for
the others we may assume that there was only a trace, if any, of aluminium
in the normal lymph. Since the lymph from the thoracic duct was
diverted this aluminium did not reach the blood. This is only one ex-
periment, but the suggestion is very interesting, and conjectures as to its
meaning lead to the question of the relation of aluminium to fat
metabolism.

The last group of experiments shows another fact, that aluminium is
exercted through the walls of the intestinal tract. Thesc experitents are
not to be regarded as quantitative, since exact measurements of the
amount of the tissues used, and control time intervals were not attempted.
This type of experiment could be made quantitative and information could
be gained concerning the rate of the oxeretion of ions through the walls of
the gastro-intestinal tract at various levels.

It is clearly shown that after intravenocus injection of 1 mgm. per kilo of
aluminium salts, aluminium is excreted through the walls of the stomach,
the small and large intestine.  This cannot be attributed to contamination,
since all parts were carcfully washed beforehand, and the bile excluded.

The {uct that aluminium is in part eliminated through all portions of the

gastro-intestinal tract may account for the difficulty of finding it in large

quantities in the blood.

Dotermination of phosphorus was made beeause of an idea which has
long held the approval of physiologists, although repeatedly diseredited by
careful investigation. This idea is that aluminium, if absorbed from the
intestinal tract, will divert phosphorus from urinary to fecal exeretion to
form insoluble aluminium-phosphate, thus rendering the phosphorus

981
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.
“gnavaiable™ for metabolic uses.  Modern physiology would see in such a
diversion only another manifestation of the body's delicate equilibratory
mochanism, It is, as we have seen, not yet proved that, aluminium
phosphate is formed, or that if formed it is insoluble in the gastro-intestinal
tract. But it was desirable to put this idea to a direct test.

A comparison of results shows that, as closely ns we may judge from such
inexact experiments, as much phosphorus is excreted through the intestinal
walls after an intravenous injection of physiological suline as after alu-
minium solutions. There is here no evidenee that phosphorus exeretion
through the intestinal wall is inereased by the presence of aluminiun,
These two are probably independent of each other. In general it would
seem that more aluminium is exereted, per unit of aren, through the
walls of the small intestine than through the stomach or large intestine.
The same seems to be true for phosphorus.

These experiments exemplify the physiologieal prineiple that the body
maintains an exact ionic balanee which may be disturbed for a short time
by the sudden addition of an excessive amount of one fon, but the equi-
Jibrium with respect to that ion is adjusted promptly by distributing it
through the body and by prompt excretion.

One thing worthy of note is the deerease in urinary exeretion after the
jnjection of aluminium salts.  While we have no data of the nonnal exere-
tion rate for these animals it is ohvious that an excretion of 22.1 cc. inseven
hours (expt. B) and 22.7 cc. in six and one-half hours (expt. D} is very low
for dogs of this size, especially as 5 or 10 cc. per kilo of fiuid had been
injected. In some cases no urine was obtained after the injection.  This
cannot be attributed to low blood pressure as in only one case was there
any evidence of shock. In one case when complete anuria oceurred,
gections of the kidney were made. These showed nothing abnormal. We
arc therefore left to question the effect of the aluminium injection upon
the kidney.

CONCLUSIONS

1. After the intravenous injection of aluminium salts in doses of 1 or 2
mgm. of aluminium per kilo in dogs, the metal appears promptly in'the bile,
Iymph and urine.

9 Asfar as may be judged, this increase in these fluids does not account
for the aluminium which has disappeared from the blood. This points to
storage in the tissues.

3 Aluminium is absorbed by the lymph when aluminium-rich food is
fed to dogs.

4. Aluminium is exereted through the walls of the gastro-intestinal tract
at oll levels. It is suggested that this gastro-intestinal elimination of
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aluminium may account for the failire 1o e onsteate large quantitics of
“the metal in the blood after ingestion of aluninmm-rieh food,
. 5. The aluminium and phosphorus exeretion thioneh the walls of the
alimentary canal are independent of each other.
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There are very few reports of the aluminium content of human tissues.
Gonnerman (1) (2) presented analyses of s limited number of tissues from
animals and man.  The large amounts found are probably due to the fact
that ashing was carried out in porcelain erucibles, which we have found to
give high results.  Keilholz (3) shortly afterwards reported no aluminium
found in several human tissues analyzed. The method used, that of
Aack (4), we have found to give low resalts, The reasons for this are
discussed elsewhere (5). Myers and Mull.(6) have recently published
sone results of analyses of autopsy material.  Since we have not tested
their method we are not prepared to evaluate their results. However,
on theoretical grounds it is quite possible that alumiinium may be lost
during the' manipulations. Morcover their dye is not as sensitive an
indicator for aluminiumn as is alizarine. .

That human tissues usually contain small traces of aluminium can no
longer be doubted. But the relation between the aluminium content of
tissues and age, sex, environment and state of metabolism is still to be
deterinined.  In the analyses presented below an indiecation is given as to
the direction such an investigation may take.

The tissues analyzed were obtained through the generous coiperation
of pathologists all over the United States. While analvses of only a part
of the material sent is presented here, we take this opportunity of thanking
all those whose codperation made this study possible.

The livers and kidneys, (preserved with 95 per cent aleohol, oceasionally
with formalin), obtained at autopsyv, were expressed 1o ug, usually in
glass containers.  Tissues were dried and analyzed as previously deseribed
(5). The preserving fluid was also analyzed, and usually found to contain
aninconsiderable amount of aluminium. '

Resvrrs. The results are tabulated below. Analyses for the aluminiuin
Content of the liver from twenty-two human subjects are presented, and
for kidneys of twenty-one of these. Ages range from & to 73 vears.
Six widely separated loealities are represented. '
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Discussiox. Table 1 is a summary of the analyses for the aluminium -

content of the liver and kidney. It will be scen that the alurrinium content

ranges from 0.17 to 1.17 mgm. of aluminium per 100 grams or a total of -

TABLE 1 . .
The aluminium conicnl of the human liver and kidney
Al in milligrams per 100 grams

il |
l H LIVER ‘ KIDNEY
serorsr | on | , 5 | 2]
PLACE NCMBER ACE BEX DLAGQNOSIS :n 2 ;, —
- - ‘ <
1218 |=215 8|3
f13lelz13¢
— —_— | [
‘ Jrams ;gruma ‘
| A-2s8 27 | M. | Tuberculous monin- | 1,280} 0.31 5.05‘ 300 | 0.4311.28
! qitis ! |
. o J] A9 39 | M. | Brain abscess 1,460} 0.33 | 485 310 j0.231071
Booten, Mues. (] 4 g 62 40 | M. | Druin tumor, lobar | 1,850 0.27 | 5 05! 410 {021 0.83
prnoumonia ‘ f
| A-2s63 28 | M. | Pneumonia 1,500, 0.41 | 6.211210 | 0C3 1144
i
‘\ A-190-AB | 44 | F. | Diabetes 1,905{ 1.17 \ 22 27{ £10* | 0.64 | 1.47°
Il A-192-AB | 67 | M. | Peritonitis 1,330 0.80 | 10.68] 102% | 0.74 1 0.45°
A’;"mh Atbor, 14w aB | 70 | M. | Cerebro-apinal mea- | 1,630) 084 L1370} 156 | 0.87 | 1.28°
. ’ ingitis ;
|| A-195-AD [Adult| F. | Carcinoma 1,360, 0.53 | 7.17} 206% | 0.38 { 0.78°
Birmingham, 73 | M. | Scalpinjuries, ppeu- } 1,102 0.38 4.24 187 | 0.78 1.48
Ala. monia "
( 2014 63 | M.t | Proumonia . 1,7500 6.20 | 5.24: T80 0.33]1.01
2015 45 | M.t | Pulmonury tubercu- | 1,825, 0.21 3.89 450 1 0.20611.10
l losis l ! s \ s
. 2017 35 | F. | Septicemis 14,8600 0.53 ) 9.500 325 1 0.17 044
Cleveland, Ohiodt 54, 21 | F. | pdmonary  tuber- | 1,7501 0.21 \ 371|300 | 0.22 1 0.0
culcsis \ l \
, 2019 5 |3 | Tubsroulous menin- | 1,425} 0.2t | 2.971225 10.28 1 0.50
gitia \ ‘
) i
898 65 | M. | Arterio-eclerosis 1,450, 0.26 | 3.77, 285 10.191 053
901 46 | F. | Carcinoma of stom- } 1,510 0.27 4.09; 300 10131039
- y ach
MC';“ m""“"{ 08 22 | M. | Pulmonary tuber- | 1,500, 0.34 | 540l 2s0 020056
’ culceis
911 5 | F. | Acutemyocarditis 540 0.19 | 1.01)105 |0.15 1 0.1
012 43 | M. | Peritonitis 1,700! 0.39 ' 6.651 285 | 0.30 0.85
l |
{| 2438 |Adult] M.t L Gun shot wounds | 1,201 0.72 | 9.02) 385 | 0.71 2.59
Avgusts, Ga. 2%-45 21 | Pt | Typhoid 1,005 0.60 | 11.44) 335 10611234
2447 | 5 |t | Nephritis a7 | 2o o0 ||

* One Lidpey only. 1 Negro.

2.24 to 22.27 mnzm. for the whole organ, if we except the only child in the
erics, having # total content of 1.01 mgm. The kidney varies from 9.13
t0 0.87 mgm. per 100 grams with a total of 0.39 to 2.30 mgm. if we again
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cxcept the child with a value of 0.16. There is no abselute agreement
between the amount found in the liver and kidney, but in general a low
value is found for the kidney when a low value is present for the liver.
The opposite tendency is noted, when the liver value is high the kidney
value is also likely to be high. That this is not always the case will appca.r
by reference to no. A-160-AB, in which the highest liver value is found.
The kidney value is high but not the highest. In no. 901 the lowest
kidrey content is accompanied by a low but not the lowest liver content,
The only case that can be .considcrcd normal is no. 24-38, an adult colored
male dying from gun shot wounds. Tissues from this case show what
seems to be a moderately high aluminium content for both liver and kidney.

Table 2 shows the distribution of aluminium in the tissues with resp(-.ct
to locality. In this table the average value is given for tissues from
particular places. It will be noted that livers of cases from Ann Arbor,

TABLE 2
Distribution of alwminium in Liver and kidney reluted to locality

e _
s N averacm Al AVERaAcE Al
PLACE ;P:‘:’;iif: IN LIVER IN KIDNEY
rE 160 unrays | PER 100 grnads
Boston, Mass. ...v v 4 0.33 0.39
Ann Arbor, Mich.. ..o .evee e 4 0.3 0 66
Birmingham, Ala................0.ol 1 0.38 0.78
Cleveland, OBio. .. .vv e ereeenneeeeeenns. 5 0.20 0.24
New ITaven, Conn....ooooiiiiinen 3 0.29 0-1“
Augusta, Ga.. ..o -3 0.50 (2) 0.66
AVOTOTC . o ettt e 0.43 0.40

Mich., show the highest aluminium content, the kidney from Birmingham,
Ala., the highest kidney value,althoughit is not a fair comparison to include
this latter result in a table of averages. The kidneys from Ann Arbor also
s}{ow 2 high aluminium content. Tissues from New Haven, Colnn., and
Cieveland, O., show the lowest aluminium content. Tissues from Boston,
Mass., have a moderately low aluminium content.

‘ The consistently high values for tissues from Michigan, and the con-
SIS‘gentIy low ones from Connecticut arc worthy of notice, as even cases of
a}.)proximu{.ely the same age, selected from these two groups show this
wide variation. (Compare no. A-1$0-AB with no. 901 and no. 910, and
no. A-192-AB with no. 898.) These differences are probably not aceidental,
and could conceivably be traced to some factor in the environment, such
as diet, water supply or type of soil.

When the results are tabulated according to age (see table 3) it is scen
that the general tendency is for the alu/minium'contcnt to inerease with
)
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70 UNDERHILL, PETERMAN, GROSS AND KRAUSE { METABOLISM OF ALUMINIUM 71
{ advancing age. This trend has been indicated for dogs in a previous
‘ . ’1".4\.BLL 3; N L diseas n paper (7). )
The relation of aluminium conlent lo age Gnc Cisease - P When one tries to find a relationship between the state of the tissue
S Lme R AVER- | avER OTHER PERVINENT PATHOLOGIC I analvzed and the aluminium content there is one outstanding result (sce
AQGE 8 A * . e . . “ .«
QZAMS | GRAMS | LIVER |KIDNEY DETALLS € : table 3). The liver showing much the highest aluminium content (A-100-
5 | P. | Conn. |0.19]0.15]0.19}0.15 ' . it AD) is described in the autopsy report as a “fatty liver.,” - If has pre-
23 | 0.42 | Chroni ; G ¢ -8 viously been suggested that aluminium may be in some way related to
i ) 38 . wronic passive congestion o i y . - . e s v
2 F. | Ohio | 0.21}0.22]0.38 liver b " 3 fat metebolisin (8).  While this single result may be due to other unknown
21 F.* | Ga. 060|061 Ruptured ectopic hemorrhage i factors it again raises the question of a r Jation between these two sub- ‘
27 M. | Mass. {0.31]0.43 Tuberculosis  in  liver and i, stances. .
kidneys i Tive cases in which tuberculous infection was a prominent feature show
32 v, ! Conn. 1 0.34]0.20]0.40 | 0.41 R a low aluminium content for both Iiver and kidney, the age range heing
35 ¥. | Ohio |0.53}0.17 Cloudy swelling ard congestion ‘ 21 to 45 vears, the value for liver 0.21 to 0.34 mgn1. per 100 grams and
of liver and kidney for kidney 0.22 to 0.43 mgm. Ifowever, these wil came from districts
‘,’:?tc,ilfppum“vc nephritis ! showing low aluminium content. It is interesting that two cascs of tlhe
2 hY 7 Yyentus . v .. .
g: j’:I ii”‘ss' gg}; ggg yel same age, from the sume locality show the same aluminium content in
it Ay Alass. . I . 4. - "
! e _ both liver and kidney (sce no. 2915 and no. 2019, Cleveland, 0.).
43 | M. | Conn, |0.39|0.50) 040030 Fatte i ) There is no apparent relationship brfween arterio-sclerosis and aluminium
8 11 7 B ;7 liwver M . . OO N ..
44 . :‘“?h' 1.17 | 0.64 Ay . . v content, sinee one case {no. 828, New Jlaven, Conn.) showsalow aluminium
45 M.*| Ohio [ 0.2110.26 Cascous tuberculosis and con- ’ T S . ;
gestion of liver content and another (no. A-193-AD1, Ann Arbor, Mich.) shows a high
Bilatersl pyelonephritis . aluminium content. ’
45 AL | Ohio | 0.21]0.28 Congestion of kidneys [
45 ¥.*| Ga 0.17 - SUMMARY
. a. . ) i
46 TF. { Conn. | 6.27 | 0.13 Anemia ‘3 1. The aluminium content of livers and kidneys from human autopsy
40 M. | Mass. | 0.27 {0.21 . material is reported.
63 | M.*! Ohio |0.20]0.31|0.47 | 0.41 | Cloudy swelling of liver and 2. The range found for liver is from 0.17 to 1.17 mgm. per 100 grams,
kidrey. Mild chronic Inter- for kidney from 0.13 to 0.87 mgm. per 100 grams.
' stitial nephritis 3. The sienificance of some of the findi < is discussed
65 M. | Conn. | 0.26 | 0.17 Generalized arterio-sclerosis e signiheance oL 8 1e findings 1s diseussed.
67 M. | Mich. | 0.80] 0.74 Passive congestion, atrophy a.nd ; BIBLIOGRAPITY
parenchymatous degeneration : . ) ) ‘
of ali organs P (1) Gonsunyan, M. Biochem. Zeitschr., 1918, xxviii, 401
- ¢ (2) Gonzurmax, M. Zeitschr. physiol. Chem., 1920, exi, 32.
70 M. | Mich, | 0.84 | 0.87 | 0.61 | 0.82 I\Iultxp!uh abscesses of liver. , (3) KeiLnorz, A. Phearm. Weekbl,, 1921, lviii, 1482.
Chronic degenerative paren- P (4) Atack, F.W. Journ. Soc. Chem. Ind,, 1915, xxxiv, 836.
chymatous nephritis. Arterio- P (5) Uspzrits, F. P.avp F. 1. Pereraax.  This Journal, 1929, ~xe, L.
sclerosis, adenoma of kidney i (6) Myers, V. C. axp J. W.Murt,  Journ. Biol. Chem., 1928, lviii, 625.
73 M. | Ala. 0.33|0.78 Liver .smau, mOd}“’&tC chronic ‘ . (7) Unperniy, F. P.axp F. I, Perervan,  This Journal, 1929, xe, 62.
passive congestion i (8) UxprnmiLy, F. P, F. I Pzrenyas axp 8. L. Stese.  This Journal, 1929, xe, 52.
e i
Adult | M.*] Ga. [0.72]0.71 Allorgans sound . t
Adult | F. | Mich. | 0.53 | 0.38 Generalized  arterio-sclerosis, Lo
atrophy and parenchymatous ;
degencration of all organs ’
* Negro. g
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U. 8. PHARMACOPEIA XV 27

Heavy metals, page SO7—Dissolve 5 o in 10 ml. of diluted hydrochlorie acid with the aid
of hieat, filter, if nucessary, and diuie with water to 25 mL:  the heavy metals limit is 5
parts per mithon,

Assay—Trmeder about 23 g, aceurately weiched, of Aluminn Hydroxide Cel to a beaker,
add 13 mb of hydrochlorie seid, and Leat gently until soloion iz complete. . Couol, transfer
o a 300k voluneetrie flask, dilute with water to vohune, and mix.  Pipet 20 ml. of this
solution into a 230-ml. beaker, and ndd, in the order named and with continuons stirring,
20.0 mb of .03 M disodium ethvlenediaminetetranceiate and 20 ml. of acctic acid-
smmonium acetate buifer T.8., then heat the solation near the boiling point for 5 minutes.
Cool, and add 50 1nk of alecho) and 2 ml of dithizene T8, Titrate the solution with
0.05 M zine sulfate until the color chunzes from green-vidlet Lo yose-pink.  Perform a
blank determination, substituting 20 ml. of water for the s mple, and meke any necessary
corveciion.  Fach ml of (.03 3 disodinm ethyvlenediaminetetraucetate consuined is
equivalent (o 2,540 myz. of AlOs.

Packaging and storage— Preserve in tight containers, and avoid freczing.

CAaTEGORY: Antacid.
Usvarn vost: 15 mb four to six times a dav.
Ustan pose ranae: 5 to 30 ml up to twelve times daily.

Dricd Aluminum Hydroxide Gel

Dried Aluminum Hydroxide Gel yields not less than 50.0 percent of alumi-
num oxide (A10,).

Description:  White, odorless, tastoless, amnorphous powder.

Solubility s Tusoluble in witer and in alcohol; soluble in dilute mineral acids and in solu-
tishs of fixed alkali hydroxides,

Identification—I)is=oive 700 me. in 101, of dilited hvdrachlorie acid, with gentle warming:
the olution respands 1o the tests for Alrdnmm, page SO1.

Reactivi—Agitate 1 ¢ with 25l of water, and filter:  thetilivte is neutral to hitmus,

Acid-consuming capacity—\Weirh aceurately 200 to 250 myg., and transfer to a glass-
stoppered, 250-1al tlask,  Add 1000 nl of 0.1 N livdrechlorie acid, awd shake the miy-
ture continnously at 37° for 1 honr. To 50.0 mi. of the solution add bromophenn] blue
LS., and titrate the excess acid with 0.1 N sodium hydroxide: the volume of 0.1 N acid
consumed is not less thun 250l for each g of Dided Aluminum Nvdroxide Gel,

Chioride, page $95—Disolve 1 g, in 30wl of diluted nitric acid, heat to boiling, add water
to make 100 ml, and filter:  a 5-ml. portion of the filtrate, diluted with an equal volume
of water, shows no more chloride than corresponds to 0.6 ml. of 0.02 N hydrochlorie acid
{0.85 percent).

Sulfate, page 805—Dissulve 330 mg. in 15 ml. of diluted hvdrochloric acid, heat (o boiling,
add water 1o make 250 b, and filler: 2 25-ml. portion of the filtrate shows no more
sulfate than corresponds to 0.2 ml. of 0.02 A" sulfuric acid (0.6 pereent),

Arsenic, page S94—Dizsolve 2.5 gin 20 ml. of dilute suliurie acid (1 In 5), and dilute with
water to 55 mb:  the resulting solution meels the requirements of the test, the addition
of 20 ml. of dilute sulfuric acid {1 in 5) specified under Procedure being omitted (S parts per
million). :

Heavy metals, page 897—Dissolve 400 mg. in 10 ml. of diluted hydroehloric acid with the
aid of heat, filter if necessary, and dilute with waler to 25 ml: the heavy metals Hinit is
GO parts per million.

Assay—Weigh accurately about 2 g of Dried Aluminum Hydroxide Gel, and dissolve in
153l ef hydrocklorie acid, with the aid of heat.  Cool, transfer 1o a 500-ml. volumetrie
flask, dilute with water 1o volume, and mix.  Pipet 20 mb. of this solution into a 250-ml.
beaker, and add, in the ovrder named and with continuons stirring, 25.0 wl of 0.05 A7

dizodium ethylenedisminetetrancetate and 20 ml of acetic acid-ammonium acetate huffer

T.8., then heat the solution near the boiling point for 3 mivutes.  Cool, and add 30 ml. of

alcohol and 2 bl of dithizone TS, Tirnte the solution with 0.05 A7 zine sulfate 1o a
bright rose-pink color. Peiform a blank determination, =ubstituting 20 ml. of water for
the suraple sobition, and mnke any recessary correction.  Each mlb of 0.05 1/ disodium
ethylenediaminetetrancetate is equivalent 10 2.549 mg. of AlLOs.

Packaging and storage—Preserve in tight containers.
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26 U. S. PHARMACOPEIA XVIIT

color is obtained.  Heat to boiling, and again rentralize.  Add 150 ml. of glveerin te
nentralized solation, and titrate with 0.5 N sadiin hydraxide.  Perform a blank
termination in a stmilar manner.  From the volume of 0.5 X sudinnn hydroxide nsed
the addition of the glyecerin. subtract (he volusme nsed in the blank. Euch il of 0.
sodium hydroxtde is equivalent to 30.92 mz. of 11310,

Assay for aluminum oxide—Pipet 25 ml. of Aluminum Acetate Solntion into a 230
volwmnetrie {le hk. add & ml of hydrochlorie acid, dilite with water 1o valume, .fmd
Pipet 25 ral. of this dilution into a 250-mil. be aker, and add. in the order named and
continuous <tmmg, 25.0 mb of 0.05 A7 dizodiurn ethylenediaminete: raacetate and 21
of acctic acid: ~-amimonium acetate bulfer TS, then heat the solntion near the bo
point for 3 minutes.  Cool, and 2dd 50 1. of aleohol and 2 ml. of dithizone T8, Th
the solition with 0.03 1/ zine sulfate until the colar changes from green-violet to rase-;
Perform a blank derermination, substituting water for the ¢ ample, and make any 1w
sary correction.  Each ml, of 0. 05 20 disodium ethylenediaminetetraacetaie iz equivs
102.540 mg. of Al;03.

Assay for acelic aud—-—i’lpet 20 il of Aluminum Acetate § uh.tmn mto a Kjeldahl
containing a mixture of 20 ml. of phosphoric acid and 130 ml of water. (,mumu
flusk to o corcdenser, the delivery tube from which dips beveath the wuface of 500 1y
0.5 N sodinm h\(lm\ iWle contained in o receiving flask.  Distil abosns 160 ml, then e
the delivery tube from helow the siface of the | '.qmd allow the distiliing fiask to (um
50 ml. of water. and distil an additional 10 to 45 ml into the receiving flask.
phenolphthalein T.S. to the distillate, and titrate the exeess 0.5 .V codinm hydroxide
0.5 A suliuric acid.  Each mb of 0.5 .V sodiiun hydroxide is equivalent to 30.03 ng
C:11,0,.

Packaging and storage—-Preserve in tight containers.

Caregory:  Astringent.
Tor exteryaL vse:  Topieally to the skin and mucous membranes, dilv
with 10 to 40 parts of waterin a wet dressing.

Aluminum Hydroxide Gel

Aluminum Hydroxide Gel is a suspeusion, each 100 g. of whick contains
equivalent of not Ies< than 3.6 ¢ and not more than 4.1 e of aluminum o
(Al:032), in the form of aliminum hydroxide and hydrated oxide. Tt mny «
tain peppermiot oil.glycerin, sorbital) sucroze, saecharin, or other suii:
flavors, and it may contain suitable antimicrobial apents in a total ame
not exceeditig 0.5 pereent.

Descriptions  White, viscous suspension, from which small amounts of clear lignid
separate on standing.

Identification—A solution in hydrochloric acid responds to the tests for Aluminum, |
NUN

Microbial limits, page S6—1Trs fotal aerobie microbial count does not exceed 100 per
and it meets the requirements of the tesi for abseuce of Escherichia enls.

pH, puge 4350 between 5.5 mud 8.0, determined potentiometrie: x.l\

Acnd—consumm'- capacity— lmruxer abeut 1.5 ml of the well--hiaken Cel to a tared, ¢
stoppered, 123-md. fi: wk, and weich,  Add 30.0ml. of D1 N }1, drochlorie acid, and &
the mixture continuousdy at 377 for 1 hour.,  Then add ‘)mmn;: wenol blae T3, and Ge
the excess acid with 0.1 N =oditm h\ droxide.  The volume of 0.1 N acid consumed i-
less than 12,5 ml and not more than 25.0 ml. for each g of the Gel.

Chloride——Transfer 10 g to a poreelain dish. Add 0.1 ml. of potassinm chromate
25 ml. of water. Stir. and add 0.1 N sibver nitrate nntil o faint pevsiztent pink r-n]‘
obtained: not more than § mi. of 0.1 NV silver nittute is required (.25 pereent).

Suliate, page 805—Add 5 ml of diluted hydroohlorie acid to 5« of 1 It a .Ad heat to di.-

the sample.  Cool, dilnte with water (o 250 ml., and Ilher)t necessary: & 20-ml por
of 1he filtrate shows nio more suliate than (nne~pox W to 0.2 ml of O 02 N sulfurie
(500 parts per million).

Arsenic, page 8)4—Dissolve 2.5 . in 20 ml. of mlum \nlm"m acid (1in 5, aud add 35
water:  the xexultmg_r solution “meets the requirements of the test, the additd
of dilute sulfuric acid (1 in 3) specilied under Proceldure being omitted (0.6 pare per mi i
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CarEcory: Antacid.
UsUAL bosu:
times aday.

Usvan pose raxee:  The equivalent of 300 mg. to & grams of alun
hydroxide daily. :

The equivalent of 300 me. of aluminum hydroxide four to six

Yinum

ey

Dried Alominum Hydroxide Gel Tabléts

Dried Aluminum ydroxide Gel Tablets contain an amount of aluminum
oxide (Al:0,) equivalent to not less than 62.0 percent and not more than 72.0
percent of the labeled amount of aluminum hydroxide

ldeatification—Digest a portion of finely pawdered Tablets, equivalent to about 500 rag. of
dried aluminum hydroxide gel, with 10 ml. of dilnted hydrochloric acid with centle warm-
ing, aud Hlter:  the filtrate responds to the tests for Aluminum, page S91.

Disintegration, paze 032: 30 minuntes,

gration, pag : .

Weight variation, paze 930 et the recpurements for Toablots,

Assay—--\Weizh and fincly powder not less than 20 Dried Aluminnm Hydroxide Gel Tublegs,
Weigh accurately a portion of the powder, cqitvalent 1o abont 2 ¢ of dried aliminium
hydroxide gel, add 15 il of hydrochlorie acd, and heat wntil dissolved.  Dilite witl

water to about 100 ml., mix, and filter untitatively into a 500.ml.

washing the fiiter thh:v:alep 1’1‘0(79{)(.1 as du'm-ru}_in the Assoy vnder Dricd Abemiroom
Hydrazide G, page 27, 17{1‘,{'..'1_nmg with “dilnte with water 1o volume””  Eneh ml of
0.05 M disodinm eth)‘lencdl-mll{wiwtr:mcetato Is equivalent (o 3.9 mg. of AKOIH),.

Packaging and storage—Preserve in well-closad contaiuers, .

Tablets availabie—Tnblets usually availuble con
hydroxide: 300, 500, and G0N me.

voltimetrie flask,

tain the following wmonnts of aluminum

Carecony and Doss: See Dricd Aluminum IT yelrozide Gel,

Aluminum Bonostearate

Aluminum Monostearate is a compound of
solid organic acids obtained from fats, and consists chiefly of variable propor-
tions of aluminum monostearate and aluminum monopalmitate. It contains

the equivalent of not less than 14.5 percent and not more than 16.0 per-
cent of AlL,O,.

aluminum with a mixture of

Description:  Fine, white to yellowish white, bulky powder, having a faint, characteristic

odor. .

Solubility:  Insoluble in water, in alcohol, and in cther.
Identification—

A: Hent 1 g with a mixture of 23 ml. of water and 5 ml. of hy
replacing the water as it evaporates: fatty acids are liberat
on the swrface of the liquid, and the water layer responds

page 801.

B: Mix 23 2. with 200 ml. of ether in a separator, ndd 130 ml. of diluted hydrochlorie
acid, and shake the mixture vigorously until the layers separute cleanly on standine,
Remove the water layer, and wush the ether layer with three 30-ml. portions of water,
Trausfer the cther layer to a small beaker, warm on n steam bath until the ether has
evaporated and the fatty acids are clear, anid dry the ueids st 103° for 20 minutes:
the solidification temperature (see page 9035) of the fatty acids is not below
Loss on drying, nage 035—Dry it at 80° for 16 hours:

of its welcht.

Arsenic, page 884—To 5 . add 12.5 1nl. of hydroc
and heat on a steam bath until a trans

‘drochlorie acid for 1 hour,
ed, floating as an eily layer
to the tests for Alum nium,

R
o,
1t loses not more than 2.0 perceut

hlorie acid and 0.5 ml. of bromine TS,
parent Inyer of melted fatty acid forms. Add 50
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H3?
HYPERALUMINAMIA FROM ALUMINIUM
RESINS
S1r,—Professor Derlyne and his colleagues (Sept. 5,
p. 494) report that a third of their urainic patients taking

oral aluminium-cycle resing or aluminium hydroxide had

traces of aluminivm detectable in their serum.  From this
they conciude that aluminium toxicity is a real dasger of
such treatment. - To us this finding supgests that the
aluminium fon is refatively non-toxic, otherwise the enor-
mous armounts of the clement consumed by mankind over
the ages would by now have led to reconnition of 4 syndrome
of aluminium intoxication.

Aluminium is the third most abundant element on the
surface of the carth, and is so widerpread in distribution

that inevitably most people consume it unintentionally -

from time to tirze. It is one of the main constituents of
clay, and is consumed as such in various forms of nica and
as medicinal ko Alamninium hydrovide was introduced
in the treatment of peptic ulcer in 1924, a:d has since been
used by many millions of patients, purticularly in the
Urited Srates, where it is the main ingrediont of the mose
popular proprictary antacids.  Almost thinty years have

assed since aluminium hvdroxide wos introduced for the
control of hyperphospharamia in urarmun,? and since ther
it hes been recommended by many experts on renal
failure,™* ot Jeast by Professer Berlyne himself®  We

2

were unaware of any report of systemic toxivity from this
.

widespread use when we suggested that oral alvminium
resin would be useiul in simuliancously controiling the
hyperkalemia and hyperphosphatiemis of renzl foi'ure,
and o our knowledre no orts of 1o N Ppearse
since, except for the ili-cfivets which con result from
excess phosphate depletion.”

Professor Periyne and his collezgues disregard, or ar
unaware of, this farge body of evidence shewing the safery
of aluminiwm salts, and on the besis of their serum values
alone they s t that the drug sheould be abandened—
thovgh its ity to lower plasma-phocplhnre, ond hense
reduce the donger of seft-tssue caleification in 1 i
not 1 questivn, A blind eve is turned on Professor Do
lyne’s own ohservations on the dangers of a hich ploin
Ca» P product 845 for calcium resin, which may increase
this product further,' '} is advocated as the best form of
resin,

. Guillermin, R, F
Freermuan, 8§, Tege
- Meraidl, JLP The in
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L Mallidy, NUPL B ef, 1559, 14, 1314,

. Chugh, X, 8, Sweles, 1. D, Brewn, G. L., Wrong, O, M. ibid.
P $52.

. Letns ML, Zismon, E., Bartter, F. C. New Fngl. F. Med. 1968,
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R Nelv G. M., Shaw, A, B Laneet, 1967, 1, 4.
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Ve ook forward to the further studies promiscd by
Professes Beriyne and his colleagues, and would be par-
timaingly interested to know whether uramic patients have
duminium concencrations than normal sub-
une dose of aluminium,  (They imply that
sive the datz, and it is quite possible
erprion is reduced in renal failure
phosphaty conceatrations in the intestine.)
5 would net estabiish Uie woxicity of aiumin-
y would be ruznested if known differences
i blcations {8, neuropathy,
ot renal centres could be relnted

i, U more evidence of this
we wiil feel justified in continuing to use
niunt  preparations in the treatment of hyper-

O. M. Wroxng
J. D. Swarzs, &
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Absorption of Aluminum Compounds in the Organism,
Taking into Account the Normal Aluminum
Content of Animal Tissue. :

by

J. Whhrer

‘From: Pharmacological Laboratory of the National Health Office.

Received: July 29, 1933.

The question of whether the continupus ingestion of small
quantities of aluminum compounds with food can cause any
kind of damage to health has been the subject of thorough
and prolonged study, and on the basis of the results, has
been answered in the negative (1). The question has arisen
once more and bécome the subject of new experimental studies
(2) owing to. the claims publicized in recént years that the
use of aluminum eating, drinking and cooking utensils could
be hazardous to health.

An important factor in assessing the problem of the
pharmacological effect of metal compounds in the animal
organism is to eétablish the extent to which the metal is
absorbed by the gastrointestinal traét, the course of the
excretion of the metal and whether the metal is stored in
organs or tissues. 'With regard to aluminum there are only a

few recent. comprehensive studies on this subject.
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Myers et al. (3) and Peterman and Underhill (4) found
that the administration of relatively large quantities of
aluminum per os had virtually no effect on the normal
aluminum content‘of the organs and tissues of dogs and rats.

A small amount of aluminum was detected in normal animal -

and human organs and tissues which, for instance in the liver,
ranged between 0.15 and 0.66 mg and in the blood between 0.06
and 0.36 mg fresh organic material. Upon prolonged administra-
tion of aluminum compounds in the form of biscuits containing
aluminum baking powder to the animals no storage oanluminum
could be detected in the organs etc. This replaéed the
conclusions of early studies by Sfeel (5), Kahn (6) and Balls
(7) according to which considerable guantities of aluminum are
ébsorbed..

K. MacKenzie (8) has further established on a large
number of animals (rats and pigs) that the excretion of the
aluminum taken per os remains entirely limited to the gastro-
intestinal tract and no detectable absorption takes place.

Steudel (l.c.) has assumed that the aluminum salt that has

found its way into the digestive tract either is not absorbed

at all, or, like iron, after temporary absorption in the
upper segments of the small intestine, it is then excreted
again without residude by the large intestine (9).

In addition to the authors cited, the occurrence of

aluminum in normal animal organs and tissues has recently been

201
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established by Kahlenberg and Closs (10), Underhill, Peterman,
Gross and Krause (11), Massetsch (l.c.), K.H. Lehmann (12) and
S.J. Lewis (13)(14). The results Qf the studies of Gonnermann
(15) on the aluminum content of human organs - values of 0.2
to 3.4 % of dry substance were found - cannot be regarded as
correct in view of the deubtful nature of the method of
determination, and according to all existing investigations
and our own experiments, they are no longer valid.

In earlier, as yet unpublished studies of our laboratory
on the pharmacological effect of aluminum in dogs, a loss of
appetite was observed in some cases when aluminum saits with
ah'acid reaction were administered in the food for several
weeks (potash alum: 3.2 to 6.4 g, aluminum sulfate: 4.5 g
and aluminum acetate solution: corresponding to 0.125 to

0.25 Al;0;per animal). No aluminum could be detected in the

urine of the animals, while in the bowel excretion the total

‘quantlty of the aluminum admlnlstered was recovered It

was concluded from this that even upon prolonged administration

of large quantities of aluminum salts to dogs, no harmful

‘absorption effect could be observed and the loss of appetite

observed could be attributed to the local astringent, in some
cases corrosive effect of these large quantities of strongly
hydrolyzing aluminum salts.

The incorporation of large quantities of soluble aluminum

salts that cause irritation of mucosa cannot be compared,
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when making a pharmacologiﬁal assessment, with the ingestion
of small guantities of aluminum compounds with food. It
was therefore necessary to determine whether with very
prolonged administration of small gquantities of a readily
soluble aluminum salt with the daily food on the one hand,
and a similar administration of large quantities of an aluminum
compound that exerts no irritating effect on the mucosa on the
other, any absorption and storage of aluminum can be observed
in the organs and tissues. For the experiments described
below aluminum chloride (A1C13+6H2O) in gelatin capsules
was used on the one hand and on the other freshly precipitated
aluminum hydroxide (which shows strong solubility in weakly
acid fluids), in the food.

In ogéer to obtain the most homogeneous form possible
of the aluminum hydroxide to be fed_to the animals, a solution
of crystallized aluminum sulfate (60 g) was precipitated
at boiling héat with a small excess of ammonia, immediately
sucked off still hot and washed Hot. The aluminum hydroxide

mass was mixed with water, heated to boiling, agitated for

~c. 2 hours on the agitator and poured through a fine-mesh

sieve. The emulsion-like suspension was then filled up in a
measuring flask to 1000 cc with water. 100 cc of the suspension,
whose A1203 content was determined, was mixed in with the

daily food (cooked rice, dried or fresh cooked meat) and

given to the'dogs. The food mixed with the suspension was
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generally consumed by the animals with no left-overs.
Five dogs were fed in this manner uniformly every day
for months, initially with smaller quantities (150, 300, 600
mg successively) and during the second period with suspensions
containing an average of 1000mg aluminum oxide (16) (see Table I).
The dogs (nos. 1-5) received a total of 190, 210, 225,
292 and 337 g aluminum oxide in the manner described. The
aluminum chloride (A1C12~6H20) was administered to two dogs
in solid form in gelatin capsules in a dose of 300 mg aluminum
chloride per day, corresponding to 33 mg aluminum, in the
morning immediately before the usual feeding time (see Table
I1). |
Néxt, in‘single experiments on.dogs and humans, the
urine and %eces were examined for the presence of aluminum

after the administration of a singlevdose.of an aluminum

hydroxide suspension containing c. 1000 mg Aly03, in some

.cases after the lapse of several hours, in others after

several days. 1In addition, two experimental subjects (the

~author and Dr. Kirber) ihgested a suspension containing

c. 1000 mg Al303 daily for 17.days. One of the two subjects
(Dxr. K&rber) continuediﬂmaexperiment with a daily ingestion
of suspension contéining c. SOO'mg Al,03 for a period of

70 days.

I. Determination of aluminum in organic material

Of the organs removed from the sacrificed animals 100 g,
or if the organ weighed less, the entire organ was used for

analysis. To shorten the procesé of analysis and as far as

201
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possible to exclude errors due to the addition of larger
quantities of reagents (acids) during mineralization, we
refrained from wet destruction of the organs, and since there
is no risk of volatile loss of aluminum during ashing and
careful glowing, the organs were ashed after prior drying in
quartz cups over a free flame with drop—by—drop addition

of small guantities of concentrated nitric acid (3 to 5 co).
Poorly combustible carbon was extracted with water, burnt,
and the extraction fluid added to the ash. The same procedure
was used with the stools. The urine was concentrated, the
organic substance destroyed with smoking nitric acid and
ashed in a quartz cup. The ash was dissolved in 10 to 15 cc
25% hydrochloric acid in a platinum-or quartz cup while
heating, é;d if necessary filtered off from the usually very
small insoluble residue made up of silicig acid. In cases

in which small quantities of coppef could be expected (par-
ticularly in the liver), the hydrochloric aéid solution was
suitably diluted, precipitated with hydrogen sulfide, left

to stand for several hoﬁrs, filtered and concentrated down

~to c. 50 cc (17). The solution of ash was neutralized with

ammonia up to a still barely acid reaction (phenophthalein as
indicator), after which 1.8 cc hydrochloric acid (specific
gravity 1.19) was added, diluted to c. 400 cc and successively
10 cc 10% disodiumphosphate solution, 25 cc 20% sodium thio-

2ulfate solution and 7.5 cc 30% acetic acid were added.
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If a permanent precipitation took place following the
addition of sodium phosphate, as for instance in the case
of material with a relatively high iron content (blood, liver),
a further 1.8 cc hydrochloric acid and 25 cc sodium thiosulfate
was added. The solution, becoming cloudy from incipient sulfur
precipitation, was heated for 30 min to boiling, replacing
the evaporated water, and after allowing the precipitate
consisting of sulfur and aluminum phosphate to settle, it was
filtered off, washed hot and the precipitate together with
the filter was dried in the platinum crucible, ashed, glowed
and weighed. Thereafter, even in the preSence'of iron and
calcium, it is possible to precipitate the aluminum as vhos-
phate without at the same time precipitating iron and calcium.
In blank experiments with aluminum sulfate solution
(1.23 g A12(804)3+18H20 dissolved in 1 liter water) the
following values were féund. The quantities below were added

to 20 cc distilled water:

Al added in =g 100 50 12015 10 L 05 04 03 02 o

"I Zureselzt Al inomg
Found fiefunden , . . .. 994950 1,9 1,5 0991 05 044 027 022 013

- Without addition of aluminum an average blank

value of 0.3 mg was found, which, calculated as aluminum,

gives 0.06 mg aluminum and was deducted from all the values

determined.
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The quantities below were added to crushed organs (per

100 g muscle, liver, intestine):

o P A
Al added per mg zm@muAnnmg..Esn-}&O}&o3291L5gLO‘QG 0.35 02

Found Gefwudon , o, o . .| 495 80 1204 21 | 1371055{069103 02+

* Die ohne Aluminimmnzusatz erhaltenen Werte (5. Tabelle) sind in Abzug gebracht.

*

The values obtained without added aluminum (see table) were
deducted..

Thereafter the method also allows the detection of very
small quantities of aluminum in organic material with a
satisfactory degree of accuracy and a limit of error of c.
£20%. The colorimetric method reported by Underhill and

Peterman (l.c.) yielded values in‘control‘experiments that

were in good accord with the values obtained by weight analysis.

II. Results
1. Long-term experiments.

The aluminum values determined  in organs etc. are shown
in_Table I. |

In the daily urine (24 hours) (18) of ahimals fed in’
long-term experiments with aluminum hydroxide and aluminum
chloride no aluminum or only traces (up to 0.15 mg Al) could
be detected, just as in the daily urine of a dog not used in
the experimentation. | |

In addition to the examination of the organs of dogs an
attempt was made to detect aluminum in the bone substance.

blank experiments in which aluminum was initially added in

gquantities of 1 to 20 mg to a certain guantity of bone ash (19)

201
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(corresponding to 20-100 g bovine bone freed of meat and
cartilage remnants, defatted and dried), these quantities could
not be satisfactorily determined in a single case owing to the
invariably excessive calcium content. Attempts to remove the
— main quantity of calcium as sulfate beforehand in a weakly
.acid solution or to separate the aluminum as aluminate were
not successful.
In bone samples of animals from long-term experiments
(with only 10 g initial material) it was nevertheless possible
— ' with the method of determination described (but in view of
the large quantity of calcium with different quantities of
reagents: 5.4 cc hydrochloric acid and 75 cc sodium thiosulfate

solution) to determine added quantities of a few milligrams of

-—
aluminum approximately by repeated reprecipitation. Without

— addition, values were obtained which, calculated for aluminum,
gave 0.1 to 0.2 mg. This result leédslto the conclusion

- that'scarcely'any aluminum is débosited in the bones.

_ Analysis of human urine for aluminum in the experiments
with 70 days of daily ingestion (by Dr. K8rber) of aluminum

-— hydroxide suspension gave the following in 1000 cc of urine
Acollected in three days:

Before beginning of experiment...... PPN 0.7 mg A1 (20)
3 days after beginning of experiment..... 0.67 mg Al
' At end of experiment........veevennnnnn.. 0.42 mg Al.
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2. Excretion of aluminum after administration of
single dose of aluminum hydroxide

a) Experiments on dog (20 kg)

[ Xot vom it 2 Asche 3 Al-Gelalr als Al 0y
: g ' mg*

; S Lmam oo
18. L (vor Al-Zufubr) | i
@87y oL 8,26 : 35,2
L‘_ * Der Al-Gehalt bereehnet sich durch Multiplikation mit 0,529,
”

Key: 1. Stools from: Jan. 18 (before administration of al).
2. Ash. 3. Al content as Al»03. 4.* Aluminum content is

calculated by multiplication by 0.529.

The dog produced no further stools ﬁntil Jan. 22. On
the morning of Jan. 21 he received 100 cc suspension.containing
990 mg Al203 in his food which consisted of 80 g dried meat,
80 g dog biscuits and water, and the entire consumption of which

was carefully supervised.

Aseclie

Kt vom ﬁ é Al-Gealt als 43,0,
t i T oz g2 me
22--23.1 (I6lg) | - 984 46,0
24. 1. kein Kot {4, ;; — , —
25.1 (140g) . .y 10,59 | 16,6 -
20, 1. kein Kot . | — P —_
27.1. (134g) . . ; 8,68 : 42,1
28.1 (6%g). . . 3,40 j 13,5

"Key: 1. Stools dated: 2. Ash. 3. Al content as Al,05. 4. No

stools.

Aluminum could be detected in the daily guantity of
ingestéd dog biscuits corresponding to 5.4 mg Al,045 and in
the daily guantity of ingested dried meat corresponding to
4.3 mg Al303. In the 24-hour urine of Jan. 21 (450 cc) 0.13 mg

aluminum was detected.
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Key: 1. Urine from. 2. Stools from. 3. Ash. 4. Al content
as A1203. 5. (before Al ingestion). 6. *The experiment un-
fortunately had to be broken off due to external circumstances

and excretion could therefore not be followed further.

2. On March 31, 1930 the author, after prior urination,
ingested 100 cc aluminum hydroxide suspension containing 1020 mg

Asche Al-Gichalt als AL O,

Harn von Kot vam
S mg

230 cem : — — 0,17

1235
)
SL“leo” ; — — . 038
1. IV ‘ 3,20 4238
L oo w | 3,30 4258
' IR | 1,23 994
_ ; 3. 1v. f 1,30 51,3
i 4.1V, ‘ 2,53 2,5
Discussion

.

.In the long-term experiment on dogs fed with aluminum
hydroxide no change was observed in the animals' state of
health during the period of ingestion, nor were any abnormal
findings detected in the organs of the animals in the autopsy
(G. K&rber, M.D.). In the dogs receiving aluminum chloride,
in agreement with earlier experiments with aluminum salts,
there was a sometimes considerable loss of appetite, in one
case with persistent loss of weight connected therewith, as
well as a slight irritation (autopsy) of the stomach mucosa.

The macroscopic and microscopic examination of the organsshowed
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— . .-ll...
ﬁ
_ 1. On Feb. 5 the same dog once again received a suspension
containing 960 mg Al05 in his food and was fed until Fb. 9
- with raw meat and cooked rice.
. Kot vom \‘ 5 Asche [ Al-Gehalt als AL, O3
— i i [ mg L
i N |
5.1]. (vor Al-Zufuhr) i
: @0 .. ... f 1,25 t 9,8
- » GIL 25¢g) . .. . 2,76 ! 8574
TIL @B0g) L L. .| 2,14 | 471
BIL (BLa) . . . . 1,76 ‘ 278
Key: 1. Stools from. 2. Ash. 3. Al content as Al,0;.
—
Thereafter the dog was again fed with dog biscuits and
- dried meat.
— 7 | Kot vom i 2 As;ho Al}-Gchnlan:ls Al O,
1011 (30g) . . | 6.54 l 33,5
LI (5g) . . 4,19 : 21,2
A -
Key: 1. Stools from. 2. Ash. 3. Al content in Al,05.
. b) Human experiments
- On March 6, 1930 the author, after prior urination,
ingested 100 cc of an aluminum hydroxide suspension containing
— .
1015 mg A1203.
Asehe At-Giehalt als .
o ’ . y  Harn vom l Kot vowmn g \,L_h . \thnlzu:c Al
G'I“’] RRD eem ’ - l - } 0,29
7.HL - -
-
: ¢ O HTL (vor der ;
9 AlZufulr 146 . 4,3
. 7. 1L 393 4493
— o : 8. 1L 3,07 4577 %
— () * Per Versuch ufte anfy tmsiinde wegen leider abgebrochen werden; duha
* Konute lh'.‘rA\u:c;lwniurnl:‘ul n;‘lnn\\;!i—::'r verfolpt wernden,
o
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no pathological alterations.

No increase in the aluminum content of the organs etc.
(Tables I and II) was observed compared to normal values (Table.
I1I).

The aluminum quantities detectable in the urine of the
experimental dogs did not exceed the traces of aluminum detected
in the normal dog urine.

A 70-day ingestion of considerable quantities of aluminum
hydroxide did not result in any increased excretion of aluminum
in human urine and only at the end of the experiment did it
give rise to slight, rapidly subsiding stomach distress.

Even though it cannot be concluded even on the basis of
analytical experiments (administration of single doses of
aluminum hydroxide) that there is no absorption of aluminum,
since under the given conditions a mechanical retention of
small quantifies of aluminum in thé folds of the intestinal
mucosa had to be expected for several days and therewith
exrroneous dquantities excreted in the stools (21), the absence

of increased aluminum excretion in the urine (with long-term

‘ingestion of Al-hydroxide and Al-chloride), and the absence of

any increase in the aluminum content of the organs of animals
fed with aluminum compounds suggests that the ingested aluminum
does ﬁot change the.physiological conditions of the passage of
traces of aluminum from the gastrointestinal tract into the

organism and the urine. This is in accord with the results
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of the investigations of G. K8rber (22), according to which the
permeability of animal membranes to aluminum salts is extremely

slight under normal physiological conditions.

Summary

1. The aluminum content of organs, tissue etc. of dogs
was established numeriéally after the ingestion of aluminum
compounds; it ranges on the average around tenths of‘milligrams
per 100 g organic material.

2. In all (7) experimental dogs, after 10 to 15 months
of aluminum ingestion, no greater quantities were found in the
organs etc. than in the organs etc. of a dog without aluminum
ingestion otherwise fed in the usual manner.

3. Slight irritation of the mucosa could only be observed

in the dog when readily soluble aluminum salts were adminis-

tered in large quantities and strong concentrations in the
experiments.

4. In human experiments the éluminum administered per os in
the form of aluminum hydroxide was almost wholly recovered in

the stools. The aluminum content of the urine was not increased

- by the experimental long-term administration of large quantities

~of aluminum hydroxide.

5. The result in evaluating conditions in daily life is
that aluminum may be regarded as non-absorbable for practical
purposes upon ingestion of wvarious kinds of aluminum compounds,

even over prolonged periods of time.

201
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Tables.

Tubello 1.

Aluminiumgehalt dor Organe usw. der Hunde nnch Zufulr von Aluminiumhydroxydaulzehliimmung.

(Die letzte Aluminiumzufuhr erfolgte jedesial 23 Stunden vor der Scktion.)

it

~ ey —
) lund Nr. 1 Hund Nr. ¢ { Hund Neo g it Hum! Nr. 4 Itund N, 5

|
] Endgewicht: 17,1 kg i Furdgewicht: 165 ke i Frodgewieht: 85 ke ! Fudwewichit: 6.5 ke Fralgewichr: 8.7 kyr
i‘ Versuehsdauer: 10 Monate i Versuchsdauer: 12 Monate I Yersnehsaer: 10 Monate : Versuchsdauer: 13 Monate Vepsuehsolouer: 195 Motale
\. ?x‘;é‘\;" ! 3 f Aluminium (Al Alaminiam (Al © Alunadniwm (Al ;’ U Autinium (A Aluwinium (A1,
R e B L S T e
N L e R VI T it
o [ 4 i !Hg lllg Aﬁ.‘,;,‘__ g l...ig,___. ms . .“;.f : B . myr " mne g ¥ ngr Nl]l:;
I | i ! : i : : -
UMagen* 144 | 03 | 044 1193 ! 0.2 ’ 038 ' 84 L0335 038 85 0985+ 08+ Y0 10T+ 0974
SDarm*  — 030 1 loas | —  — T om — -~ et B R
Blug** f — 022 o 4 : 00Ny, — I . 0,1% — — by — 0,26 —
1 Leber (400 039 ! 156 5375 PG 06 Fgaa 008 02y 922 § 613 027 v 027 0.35
YGalle | 13*¥  — Q17 . I3%¢r. — 013 - - . 9ret w008 pgeee g2
4 Niere #0955 1013 ) 013 0 70 1 04 s L 57 031 018 3y 056 ¢ a2 o7 0.14 0,08
wlange 1120 022 L 026 125 01 021 (0 oIS 02 LGy 019 013 77 0.62 048
CHecz 95, 01 | o0ow 193 PO 019 0 ws 02l 024 Ty 625 0,18 5% 023 013
aMilz 5275 103 01 F 82 022 000 5 L ons D oess o8 _ - —
SMuskel i — 03— o~ 0t | 0 e0r = ey - R
“Gelim {76 0 b0 L6 082008 — = = 7L 038 02

M. Mageu- und Darmward mit Wasser abgespilt.

il Bat wurde in tieter Chletnform-Athernarkose aus einer in die Carotis eingebundenen Kanile entnommen.
17 **% I den Fallem, in deuen das Gewicht des Anszavgsmaterials nut einen kleinen Bruchteil von 100 g betrng, wurde die Umrecknuug anf 1ovy
wichit vorzenomunen,

(£ 4 udenbar verursacht darch kleine, an der Schleimbiant haftende Reste doer Aluwiniumverbindung von der vorangewangeuen Futlering Ler, trotz
Yorheripger Sphitung it \Wasser, -

I. Aluminum content of organs, etc. of dogs after ingestion of
an aluminum hydroxide suspension (the last ingestion of aluminum
always took place 23 hours before the autopsy). Key: 1. Organ
etc. 2. Dog no. 1. Final weight: 17.1 kg. Duration. of
experiment: 10 months. 3. Final weight. 4. Stomach*. 5. In-
testine*. 6. Blood**. 7. Liver. 8. Bile. 9. Kidney. 10. Lungs.
11. Heart. 12. Spleen. 13. Muscle. 14. Brain. 16.*Stomach and
and intestinal wall rinsed off with water. 17. ** Blood was
drawn under deep chloroform-ether anesthesia from z canula

tied into the carotid. 17. ***In those cases in which the welght
of the initial material was only a small fraction of 100 g, we
did not recalculate to 100 g. 18. +Apparently caused by small
remnants of the aluminum compound adhering to the mucosa from
the previous ingestion, despite prior rinsing off with water.
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Tabhelle 11,

Atumminiumgehalt der Organe der Hunde nach Zufolhe von A -
niumehlorid,  (Die letate Aluminimmzalohr erfolste Jedestal S Stunder:
vor der Nelktion.)

: L Murnad Ny, Thumt Nt 5
}; Endgewieht: 7 ke Eudoewieht : (8 kg
Yersuchsdauer: 8 Mouate Verauehsdaner: 13 Monate
Qrgan Aluminivin (Al} 1 Alnrminium (A
boousw, . e .
: Gipsaig- . e {resrmnt- . oontir.
3 ;:n-\\"ilc”lxl in 100g “"g;'\‘\'.?zf;::t" ';mvicllt o g ””Ii\l"'“]:l'
| o ! mng T ; & my mg
e _f R ~—;.'~ R i ‘ el iE e e
3 Magen* | GO [ 016 | 0.1t : 200 0,93 ++ 1,86 5
{ Darm* — i 0,14 ! — d - 0.22 —_
7 Blat ** — i 0,13 | - ’ — .27 —
< Leber | 200 04t | 088 468 022 102
& Galle | 124 ! —_ P00y L — — -
oNiee 45 1 018 013 ¢ 53 0.15 0.0
v Lunge 65 N Coo%4g L 130 0.62 080
2 Herz 60 03 01s 107 0,32 035
: ! , N
3 Milz 10 *x¥x* — 0,13 P — — —
tyMuskel - | 04 ’ e — 0.08 _—
» Gehirn 1 76 | o1 1 o013 ! 85 0,00 0.08

o« Magen- und Darnwand mit Wasser abgespiitt,

{7 #+ Blut warde in tiefer Chloroform-Athernarkose aus einer in die Carotis eingebundenen

Kaniille entnommen.
12 *** In den Fallen, in denen das Gewieht des Auspangsmaterials nur eincu kleinen Brahe
teil von 100 g hetrug, wurde die Umreelnung auf 100« picht VOrgenammen.
\,“1-{- Der verhiilinisma3ie hohe Aluminiwmgehalt dirfie aul den wnahhianviz vom Versuch
in dic Lunge des Hundes durel Finatmso debaltizen Etaul (Erde, Sand vsw )
zunickzufthven sein. Vel dieselbe Auflussung € opprikeiners in .Chemie der Zelivorghinges,
Getiiorns Leurb, d. alig. Physielogie 1531, S, 255,
g 1 Offenbar verursacht dureh klsine, an der Schleimbant Bafionde Heste der Alominiam-
verbindung von der vorangrgangenen Fitterung her, trolz vorheriger Spiolung mit Wasser,

II. Aluminum content of the organs of dcys after ingestion

of aluminum chloride.

19.

(The last aluminum ingestion always
took place 8 hours before the aytopsy). Key: 1-18, see Table I.

The relatively high aluminum content may have been due
+to dust containing aluminum oxide (earth, sand, etc.) reaching
the lungs of the dog via respiration.

See the same view in

C. Oppenheimer "Chemistry of Cellular Processes", Gellhorns

Lehrbuch d. allg. Physiologie

[Gellhorn's Textbook of General

Physiologyl], 1931, p. 245. 20. See 19 in key to Table I.
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Tabelle T

Aluminiumgeehalt der Organe cines normalen (uicht it ciney
Aluminivmverhindung gefiitterien) Hundes,

2 Mund N

Goewir

v Urgan

Bt: 105 ke

” T ———
USW, Aluminium 1AD

S tircantgewielht T i;?;'g" I —”“ "T‘i\lrbt*ﬁcl‘x(\
v my o gy
> Magen* . . . . s ¢ T 019
¢ Darm * ... - 035 —_
Triess - : 0.0 —
% Leber ., 0 A2 013 1.06
A Galle ., . L. 14 ¥xx ' —_ 024
(o Niere . ., . . 60 04 023
U Lunge . L, L. 110 : 024 0332
v Herz L L L 91 : 022 0.20
S Mie. L 14 #uw ' — 0,26
N Muskel . — 02 R
t5 Gehirn . . L 12 o - 0

{ G o« Magen- umld Darmwanmd? mit Wasser ahgespiilt,
£ 0 Bint wante f ticfer Chleroforin-Athernarkose
Kaniile entnommen,

i£ *** In den Fullen, in denen das Gewicht des Ansgan

teil von 100 ¢« hotrog, wunde die Umrechnung sut W0 g nichit vorcenommen.

15 einev in die Carotis cingebundenen

gsmatevials nur einen kieinen Brueli-

IIT. Aluminum content of the organs of a normal dog

fed with aluminum compounds.

Key: Same as Table I.

not
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— Bibliography
See references in footnotes.
Footnotes other than Reférences
a 9. Whether the extremely small aluminum content of the
— organs examined in normal animals given by Steudel (rats:
0.004 to 0.006 mg%), which is several times lower than the data
- of other authors and the quantities established here, represents
the aluminum content present in the organs is not known. When
a using the colorimetric method of determination employed by him
— for the experiments described here with'added aluminum, satis-
factory results were never obtained; as a rule the values were
—N significangly too low.
o 14. E. Rost gives a comprehensive review of the Al content
a of foods, human and animal organs etc. in the Hanbuch d. Lebens-
- mittelchem. [Handbook of food chemistryl, 1, 1069 and 1073,1933.
* 16. The aluminum sulfate qugntity used as initial material
- was measured so that 100 cc of the suspension contained roughly
1000 mg aluminum oxide (Al,05). The analytical determination
a ‘generally gave somewhat lower and somewhat higher wvalues than
— 1000 mg Al,03 (950 to 1050 mg) per 100 cc.
17. 1In the case of larger ash quantities (stools) only
~ part of the ash solution was used.
18. Caught in the metabolic cage.
—i’_\ 19, Thé defatted bones were first ashed in a platinum cup

- in the muffle furnace._
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20. According to a recent finding of the National Health
Office on the question of £he use of aluminum-containing
baking powder based on a report from the director of the Medical
University Clinic in Kiel, Prof. échittenhelm, M.D., 0.43 to
1.18 mg Al was detected in the normal human 24-hour urine in
their investigations. ’

21. It should be borne in mind that in dog ex?eriments,
as has been observed, there are appreciable guantities of
aluminum in the normal stools or in the ingasted food, as a
résult of which.it was not possible'undef present conditions

to make an accurate determination of the excretion of the

aluminum administered experimentally in the stools.
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Zur Frage der Resorption von
Aluminiwmverhindungen im Organismus, mit Beriicksichticuoe
des normalen Aluminiumeehalts tierischer Gewebe,

Von

J. Wiihrer,
(Aus demy pharaakologischen Laboratorium des Reichsgosundhicit~amtes.)

(Limgrgongen am 29, i 1933, )

Nachdem vom gesundheitlichen Standpunkt aus die Trage, ohb
davernde  Aufnahme  kleiner Mengen von  Aluminiumverbindungen
mit den Speisen gesundheithehe  Schivdigangen irgendwelcher - Art
verwrsachen kénne, schon vor geraumer Zeit einer vielseitigen wissen-
schaftlichen Privfung unterzogen worden war und anf Grend ibrer
Ergeébmisse verneint werden kennte!, ist diese Frage. veraulafit durch die
in der Offentlichkeit in den letzten Jahren verbreiteten Behauptungen
fiber Gesundheitsschidigungen durch den Gebrauch von LiB-, Trink-
und Kochgesebirr aus Aluminium, erneut Gegenstand experimenteller
Untersuchungen?® geworden.

Wesentlich bei der Beurteilung der Frage der pharmakologischen
Wirkung von Metallverbindungen im tierischen Organismus ist die Fest-
stellung, in welchem Umfang das Metall vom Magenduwrmkanal aus

1 Ollwiiller v. Heise, Arh. a. d. Kaiserl. Ges.-Amt. 8, 377, 1893: Plagge
u. Lebbin, Veraffentl. a. d. (vab. d. Militdrsanititswesens 3, 1893, Berling
Lunge w. Schmid, Zeitschr. f. angew. Chewn. 7, 1892; M. Chittenden, E. Tayler
u. H. Long, Bull. U. S. Depart. of Agriculture Nr. 103, 1014: The Lancet.
Some Kitchen Experiméuts with Aluminium 1, 54 1913

2O, Mussatsch w. H. Stewdel, dicse Zeitschr, 220, 238, 1030: Steudel,
chenda 253, 387, 1932; €. Massatsch, Hauszeitsehr, d. Vereinigt. Aluminium-
Werke usw. Heft 3. S.75. 1929; die Tierversuche sind gemeinsun mit
H. Stendel ausgefilrt; K. I Lelonann, Arch f. Hyg. 102, 348; 106, 336,
1931; v. Fellenberg. Mitteil. a. d. Geb. d. Lebensmittelunters. u. Hyy., Bern,
19, 137, 1028,
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170 . J. Withrer:

resorbiert wird, welehen Verlanf die Avsscheidung des Metalls iy,

. d . :
and ob das Metall in Organen oder Geweben gespeichert wind, 1y,
wichtlich des Aluminiums liegen hieraber erst aus Jetater Zeit cipjg.

umifassende Untersuchungen vor.
= I

. .
Moarrs und Mitarheiter's sowie Determenne wnd Uwnederfod P fanden,

e Zutubr verbadtnisomatie grolie Alumintuimmensen peros pankead

keinen Bintlut ant den normaten o Hontnivimeehalt der Organe tand e
* W

vorr Flunden und Ratien hatte.  In nerwuilen tiertschen und mensehly
Oreanen und Greweben worde Aluminiim me germgen Mencren fostoegod
e sich 7 I bei der Leber von 0015 bis 0,66 ne, Beiny Bute von oo v
0,36t e 100 g frisches argani~ches Material hewestenn Anch bhel Lo
srhrernder Zutabs von Alununiunverbinduneen i Form von aluminhg .

\;;wkinll\vl'}x;l!?iv_;«'n Biskuits an e Tiene konnte etne Spetcherime o
Ahansiniamn in den Orgaen usw, micht foste-tellt werdens Dot kot
Jie Sebluntitolgerungen fruberer Untersichungen von Stedd3? INTIETRENS
1alls
sollten, als iii.u:'],nl} betrachtet werden,

T wonneh betrieltliche Menven von Aloniniun, satoesaagt wends
- H

I Moacbonzic® S hat ferner ane umiangreichem Tieriaterinl {(Ratten
e Seliweinen) Festoestollt datd e Aescheidine des pes os cinverleibton
Aluniniums  ausschlicbich anl den Macendarmbkanal  beschiranlt Blede
wnd eine nachweisbare Resorption nicht eintratt. Nt seded Gl ey nunmt oan,
Gaft das in den Verdauungskanal gelangte Aluminium=nlz entweder gat
nicht resorbiert wird, ader nber dath escahnlich wie das Fisen, nach vorihe
gehender Resorption in den oheren Diinndarmparticn durcic den Dickdars
restios wieder ausgeschieden wird?. 7

Das Vorkommen von Aluminimn in normaden tiorischen  Organen
und  Geweben haben ‘mlhr*n den erwithnten  Autoren.in neuercl Zuit
. . Uy . N - '
Kuhlenberg und Closs®,” Underhill, Prterman, Cross und  Wrewse® ! Mos

Yy, 00 Myers w1 W Mull, g, of biol. Chem. TN, 605, Jo2s; L
Myers u. D. I Morrison, ebenda 8. 615, T92N.
b e P Underhill v, F J. Peterman, Amer. J. of Physiol. $0, 34, .
71, 1926,
23 A7, Steel, Biochem. Bull. 5. 173, 1916, zit. nach Myers u. Jorrison,
J. of biol. Chem. 78, 624, 1928,
1 3. Kakhn, Biochem. Ball. 1,235, 1911 /12, 2it. nach M yers u. Morrison.
J. of biol. Chem. 78, 624, 1928, i
75 A, K. Balls. Biochom. Bull. 5, 195, 1916, zit. nach M yers u. A orrisor.
J. of biol. Chern. 78, 624, 1928,
";‘v s K. Mackenzie, Biochem. J. 24, 1433, 1930; 25, 257, 1031. '
1 O der von Steudel angegebene duferst Kleine Alumininmgehal’
der untersuchten Organe nornualer Tiero (Ratten: 0,004 his 0,006 me- "
der gegenitber den Angaben anderer Autoren und auch den hier fostgestollten
Mengen um ein Vielfaches geringer ist, don in den Organen vorhand:
Aluminiumgehalt darstellt. muf dahingestellt Bleiben.  Bei der Benutzné
des von ilun angowendeten kolorimetrischen Dostimmungsverfuhrens m
don hier angestellten Versuchen mit zugesetztem Alumininm wrden ¥
keinem Fulle bafricdigende. meist hedeutend zu niedrigoe Werte ethuitei
Cos . Kakdenberg v, J. 0. Cless, J. of biol. Chem. 83, 261, 102t 0
A9 Uplerkill, Petermap, Gross u. Krawse, Amner. J. of Physiol. 90, 72 =t

nen

}

Resorption von Almnindunverhindungen im Organistns, 171
: - .
crtsel (e T8 Lelmnemne Vi N Lewss® festgestellt 70 Die Fruebnisse

A
Jer Untersuchungen von Clonreerinann YV X her den Clehalt mensehlichor

c= wirden dort Werte von 02 s 340, der
<ined angesichts dder ansdyvtisch nicht eins

Orenne it Al
pProckensubstanz zefunden

wandireien Beatimmmesimet hode anmocticl als vielitic anziechenonnd wach
siten vorbecenden U ntersachungen und viczenen Freinbirnneen Ghevholt,

In trither angesteilten, bisher unverdffentlichten Patersuchnngen des
Laboratoriems diber die pharakologischen Wirkoneen des Altuniams
aat bei Homden eine toifweie Herabiminderunge der Frebiiost eing wenn
wner reagierende Aluminiumsalze im Fatter withrend mehrorer Wo then
agich veradireieht wirrden.  (Walmleun s 3.2 s G4 o Alumintnsaliot:
5 und Alumininneetatiosmneg: entsprechend 00125 his 0,25 4 ALO,
o Tier). L Harm der Tiere konnte Aluminium niehit, inoden Darteent-

prorrpngren dic Ciesamtmenge des zetiihrten Aluminiins wieder fostgestellt

werrdern, Hieroes warde geschiossen, da 2 aueh bet Lingerer Zafube grobier
famnitinnsaizmengen an Hunede sich keine seluudhiche resorptive Wirkung

- Laal

e daty die heobachtete Abnahine der Frelust and dice ortlich aud-

sringicrendes zum Teil atzende Wirkung dicser groben Mengen stark

iy droivsicrier Aboniniumsalze zorickzafithren st

Die Finverleihung grofier Menzen Iosticher. Scehletmbautreizungen
pervorreiender Alnmininnsadze kann hinsicntlich der pharmakologischen
Jeurtetlung nicht mit der Aufnabzae kleiner, mit-_dm'Nuhmng zugefithrter
Aluminiumverbindungen verglichen werden. Tos war daher zu }u;ilfvn,
ob bei sehr lange andauernder Zufuhe kleiner Mengen eines leicht 16s-
Hehen Alumininmsalzes mit dem tiglichen Futter cinerseits und bei
Sensoleher Verabreichung grofier Mengen einer AMuminivmverbindung,
Jie keine wesentliche Reizwirkung auf die Sehleimhaut ausiibt, anderer-
wits eine Resorption wund Speicherung von Alnminium in Qrganen
md Goweben sich feststellen 1a6t. Zu den nachfolgend beschricbenen
Versuchen  wurde  cinerseits Alumininmehlorid  (AICH 4+ 6 H,0) i
Gelatinekapseln und andererscits frisch gefilltes Aluminiumbydroxyd

(das betrichiliche Loslichkeit # schwachsauren Flitssigkeiten zeigt)

e Fiitterung verwendet,

Urit ein miglichst in gieichmiiBiger Form zu verfiitterndes Aluminium-
hydroxyvd zu erhalten, wurde cine Losung von kristallisiertem Alurninium-
sulfat (60 g) in der Siedehitze mit einem geringen {herschufl von Ammoniak
gefiillt. sofart noeh loifl abgesdugt und heif3 ausgowaschen, Der Aluminium-
hlv‘tlrm:_vdlm-i wurde mit Wasser versetzt, zurmn Sieden erhitzt, am Rithrwerk
2wy 2 Stunden gertihet und durch ein feinmaschiges Sicb gegossen. Die
“tidsionsartice  Aufschlimmung wurde dann in cinem Mefikolhen auf

IR B Lehmann, Arch. f. Hyz. 106, 309, 1931

5 T, Lewis, Biochem. J. 23, Teil 3, 2162, 1031
“ 3 E. Rost gibt eine umfassende Ubersicht itber den Al-Gehalt von
Lebensmittoln. menschlichen und tierischon Organen usw. in dem Handb.
4 Lebensmittelchem. 1, 1069 u. 1073, 1433,

29""‘ M. Gonmernmen (aus dem Institus Koberts), diese Zoitschr. 88, 401,
18.

i




172 - Whiheer:

1000 cemn tiit Wasser aufgetullt, o cem Jdor Autfsehlionmmune, deren Gepa )y
an ALO, Joweils hestimmt wurde, wurden fiir die Fiitternmesiwecke n.;'
dem tagtichen Fatter (wokochter 1 s, getrocknetes oder frisehes, eekorlte.
Fleiseh) vermnenet und den Hunden verahreieht, Das it der Aufsehliounun.
vemischte Futter wurde mn alleemeinen restlos von den Treten .:-x!';--xmmnws:

anfanes mit kleineren Mengen (150, 300, Goo e, steteendy i der zweitey
Hallte der Fittterungszeit mit dareb=chnittiich oo e AMaminiumoxed?

enthaltenden Mufschlimuungen aefittert (vel, Tabelle 1.

Die Hunede (N, 1 his 5y erhiclten i eanzen oo, 2100 225, 202 haw, 357

Alurniniumexyd ant die angescbene Weiee zooefihrt. Das Moeaninachiond
(Alen, -on HLOY wurde in fester Formin Cesdatinelkapselnan wwen Bandeon g
zanr tichich 300 g Auminiumehiorid entsprechend s 33 v Alnining,,

moreens unmittelbar vor der Ghiiclen Nabronesauinaine omecerchon (egl

Tabelle } l)

Sodinn worden in Finzeversuchen am iated wed aneh am Menselpn
naeli Verabreichung eeer Fanzeklosis vorcetwa Loo0 e A LO, enthaltende
Alnranoombvdroncdnntschizuniang arn uml ot e b Verho
con ot Alurniniun antersaeht, Weterhn

credirerer Storedens terls nech Ta

eV

b

Deoaeir s

taghichen bionadene vore etwa Stk AL O, enthaltenden Anr=ehlionnuns

Lis zur Daver von 70 Tagen fort,

{. Bestimmunpg dex Aluminiums im orennischen Material

e

Von den den getdteten 1
100 g — wenn das Finzelorgan geringer i Grewiehtwar, Gis gz Orean -

o verwendet, Um den Analyvsenuangy miogdieh=t abzukil

zur Anelys
Tehler durch Zusitze groferer Mengen von Reagenzien {(Siuares
hi#

/AL

(3 his 5eem) verascht. SQehwer verbrennbare Rohle wurde mit W

ausgelaugt, fir sich verbrannt und die Anslaugefissigkeit der Asche wiedsr
zugesetzt.  Ebenso wurde auch mit demn Kot verfahren. Der Flrn e
tont

eingedinpft, die organische Substanz mit rauchender Salpetersiore 2089
und zuletzt in der Quarzschale verascht. Dio Asche wurde i 10 his 13

257, iger Salzsiiure in der Platin- oder Quarzschalo nunter Frwirmen gelent
: Tende

Mot

[P

unied, wenn notig, von dem meist sehr geringen., ans Kieselsdure heste
unlisdichen Rilckstaned abfiitriert. In den Iidien, in denen gergnge
von Kupfer (insbesondere Leber) zu erwarten waren, wurde dic

Y ie als Ausgangsmaterial verwendete Aluminiumsulfafnenge W
<o hemessen, dafd 100 cem der Aufsehlimmung etwa 1OO0 1 Alumd lm‘h.
oxyd {ALO,) enthielten,  Dic analytische Gehaltshestimmung ergay mer

ehwas Jdeinore oder etwas grofiere Werte als 1000 myg Al O (050 bis 103011

pro 100 eem.

il diese Weise wurden 3 Hunde monatelang sleiehmiitBie taghio),

O~

v b spersonen CVorTusser ned Ty Wdirbery wahrend 17 Tager
teon e ALO, enthaltende Aat=chlinnmnng cin, Die eine
ehspersonen (e Kirher) setzte den Versuch bet eine

ioren entnonuneten Organen warden jows il
Zon il

ineratisierung nach Moghehkeit anszichaten, wirde voreeiner Zorstornd
der Organe auf nassern Wege abgesehen und, daein Verlust dureh Fhiehite
gehen von Aluminium heim Verasehen und vorsichtigenn Glithen nicht 70
befiirehten ist, die Organe nach vorheriger Trocknung in Quarzschnden Gher
freior Flamnme unter tropfenweiser Zugabe kleiner Mengen Jronz, Salpetersaur

amer?

et

RKoesorption von Aluminiumverhindungen i ()rgnnismus. 73

Léwuns entsprechiend verdiinnt it Sehwelelwasserstort gerilit, tchrere
Stunden “tehengsbassen, filtrieet und aul el S0 eeny cinedamndt ' e
},O\'li‘l‘l der Axehe warde Nt A renomak his zor poch_oeben sauren Reakvion
(}'l\mm!pil!'Imh‘in Al Indikator) neutralisierts hierauf LS eom Salzsaare
;b\pb(;\'\\'. T9) zucesetzt, auf etwa 40 cem verdimnt oned nacheinatuder
Jeem 107 e Dimatrinmphosphatlosmme, - 25 eem 207 Gee Nitrinm-

chio-tilfatlosang vned 7.5 eem 307 doe Fasigsitare hinzuwe it

Prat  Henn Zusatzo von Natrimmnphosphat - eine nicht  wieder  vers
ehwindetde Fidinng ein, wite 7. B bei verhaltuismisig hobenn Fisensehalt

Blpt. Leber)o so wurden weitere 1S e Nalzeainre und 25 com Naivin-

yostfntlosune zngeseiate Dice sieh dureh beoimnende Sebwelclbosscheidong
anpften

triherde Tosane wurde Lostunde zum Kochenunter Torsat 7 ddes ver
Wassors erhitzt und rach dem Abeetzentossen des qus Sehwerel sead Adi-
aiunphiosphat - bestehenden Nicderschlpgs abfiftriert, hefd Aausgewioschen
and et Niedersehbng saint Filter im Phatinticgel gerrocknet, veraselr,
gl iiht v o, Hiernach @dingt e anch bei Gegenwart von Fisen
wnd Caleinm dos Alisinium als Phosphat zn fillen. ohnve dali Fisen und
Caleinm it ee Dt werden,

in  Dlindversochen it Aheniniunsulfatlosung [1.28 ¢ ALISO,,
S 18,0 o 1 Liter Wasser wel6st) crgathen sich folrende Werte, Zn 20 com
destiliertem Wasser wurden >

Jucesetzt Al inomg 100 5.0 2015 1.0 0.5 04 05 0.2 BN
tefunden W 99 405 1.9 1h 0499 05 044 027 022 01d
Ohne Aluminiumzusatz ergap sich cin Durchsehmittsblindwert von
0,3 1. der, als Almininm berechnet, 0,06 myg Al ergibt und von sintlichen
ermittelten Werten in Abzog gebracht wurde,
Zorkleinerten Orpgamen (e 100 @ Musk

Leber. Darm) wurde

ot Al . L B0 30 20 20 15 10 05 035 02
Ca .. 495 B0 204 21 137 055008903 02%

* Die ohne Aluminiumzusatz erhaltenen Werte (s. Tabelle) sind in Abzug gebracht.

Gefanden

Tiernneh ermibgalicht die Methode aueh dic Frfassunz schr Kleiner
hier in Frawe kommender Jengen von Aluminium in organischem Material
mit hefriedigender Gennatigkeit and einer Fehlergrenze von etwa - RO RN
IA)i"' von Uaderkill und Peterman (L ¢.) angegehene kolorimetrische Methode
lieferte in Nontroliversuchen mit den gewichtsanalytischen Werten gut
rhereinstimnende Zahlen.

. Yersuchsergebnisse,
1. Dawcrrversuche.

Die in den Organen usw. ermittelten Aluminiumwerte sind in nach-
TPRIVN - :
stehenden Tabellen wiedergegehens:

17 . " .~ . .
_— Bai groBeren Aschenmengen (Kot) wurde nur ein Teil der Aschen-
Osungr verwendet.

cerer
RN

tog "~
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oz BILZZL ! - Z",;‘”‘. L) - » Magen- und Darmwand it Wasser abgespiilt, ) o e e dvnen
E s g<= s == = = Z wx uigr wurde in tiefer Chloroform-Athernarkose aus einer in die Carotis eingehunaenen
N = - g P Nunille entpompien. .
R : 2 7 ’ ““ Ty oden Fallen, in denen das Senieht des An & nur ~incn Kieinen Broach-
- . .= o Witen,
A P ; - ol | = = reil vonr 10 hotenn, wurde die Umrechnung auf 100 e, . s
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= i PR : ~ oo a o . : s iecre k v A iy
¥z b P ees=s S=2=9 hydroxyvd und der mit Ahminiumehlorid wafiitterten Tiere konate A\]hnm!muAn
- : . * . - § - v gt \ “ S e
- k4 z T z nicht ocder e in Sparen (his 0015 mg A nachgewieson werden. ehenzo wie
C oz E‘; c o i i = = aseh b Teoeshern eines nicht zu Versuchen verwendeten Hundes,
< = W4 Z em < = =
- - z 3 = == . - . s - ur -orsucht,
= = % it 7t Neben der Untersuchung der Organe der Uundo \\l‘ll.dl‘ versucht
*g =2 T :‘ B 1 Alminium anch in der Knechensubstanz nachzuweisen. In l»,hn«,l\o-l.\\u‘lwlh
) - = . . . : : s e 2 ent T
Sz Zxl %,  BRLEZRED o T “ bet denen anfungs zu einer bestimmten }\l!()“h(‘!lnn(jl(‘!!l-ll(’ﬂ;:t (}(‘m, ,xwmwm:
- —; £ F s tawggsgs E e 20 Lis 100 g, von Fleiseh und Knorpelresten befreiter, omtvt:vrcr Ul
< p - 3 s . S 3 e . i 0 -
P - % - ) ) - E eotrockneter Rinderknochen) Aluminium in Mengen von 1 bis 20 my P’.u
= Pz = SAZ 2L - = gesetzt wurde, konnten diese Mengen infolge des stots starendsn Gbergrolien
. = Mqerem s o ' R . R . . ; v R oreer . - hinsts
= = - 2 ~de oo Calviumgehinlts in keinem TFalle guantitativ befriedigend \\‘:f‘(lt‘f b 1‘111”1;
= i . } PR TR Jwac
'E 2 - e . werden.  Versuehe, die Hauptmenge dos (_u]fmmh. .}l.s Suifat ‘m .?(ll“ﬂ(ll
ol - L2 ! * wirer Daenne verher zu entfernen oder dus Aluminium als Ahanmat ab-
= e ' | >0 1y
52 I S , . . -
= . ay M oy e e D=4 Szutrennen, fiihrten nicht zum Zicle,
Rt ' Zo [F— S =
= TN Lo DA ;
= E R e s ‘ , B
= - - . _ P, I Stoffwechselkafig aufgefangen. il
= . ‘ - p o g . rrerst i Matinse 1-
= Lz vE g % 50 @ & 2 kS * Din entfotteton Knochen wurden zuerst in der Platinschale un Mutic
- % o B e 22 o NN - ¢
= Ed | PrEo= LS k= : Olen vernseht,
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176 J. Withrer:

Tabelle 11
. . N ’ -
Atuminiumoehalt dey Orwane cines novmalen (icht it einey

Auminiumverbindung pefitttertend Hundes,

Houd Nro S

Gowichr: 100 A

Urgan S
o Altumininm cAb

USW.
Gesanewieht o ”"M{;-\(,L-' T i l1~-~:\!nrv:<:f\A\717(:1;'*.

i mz mg
Maren ™ .. L 115 019
Parm™* . . . . - —
Biut ™ . . . . — -
Leber . . . . . 321 033 1.06
Galle . . . . . I — 024
Niere P 6B 0.4 024
Lunge . . o . 110 029 052
Herz . . .o . g1 ' 022 020
Mie. oo 14 - 0,26
Muskel . . . — 0.25 —
Gebirn . . . . 72 0 0

* Magen- unl Darmwam! mit Wasser ahwesprlt,
e Bint wunde in tiefer 1‘hlnrufurm-_\thm‘n:\rkusv qus ciner in die Carotis cmgebundenen
Kanile entnommaen.
wex Ty den Fallen, in denen das Gewicht des Aunsgaugsmaterials nur einen Kietnen Braeh-
teil von 10U g hetrug, W unle die Umreehnung auf 100 nicht vorgenommen.

In Knochenproben der Tiere des Dauerversuchs (hed nur 1O o Avsgands-
material) konnten mit der hesehriehenen !’wstimnmnus‘nu‘ﬂxv»(!(\ (dder crolien
1 B
A eem

Calciunuanene entsprechend jedoch ahgreimnderte Reagenzieninengen:
Sulzsiure und 75 cem Nt rivunthiosulintlosung) dnreh mehrmaliges Ui
filllen zugesetzto Mengen vou einigen Milligramm Aliminium annithernd
hostimmt werden., Ohue Zusatz ergaben sich hierbei Werte, dirs ani Atvmi-
wivn burechnet, 0,1 bis 0.21ng ergaben. Dieses Forpebnis Lifit wobl daranf
schlicfien, dafl in den Knochen cine Ablagernng von Aluminium ke
stattfidet.

Pie Untersuchung des Aenschenharns auf Aluminium im Versuch det
70tigigen tiglichen Tinnahme (Dr. Kdarber) von Al- l»{ydro_\'ydmxfs(-hlaumnull‘_'
ergab in 1000 cem des dreftigigon Sammelharns

s

vor Beginn des Versuchs o v o v veee e 0.7 mg AlY
3 Tage nach Beginn des Versuchs . . .+ - - 0,67, Al
am Ende des Versuchs . . o o o 000 0,42, Al

U1 Nach einem dem Reichsgesundheitsamt vorliegenden neueren Gut-
achten ithor fdie Frage der Verwendung aluminiumhaltiger Bu('kl".“""r
von dem Direktor der Mediz. TUwmiversitiatsklinile in Kiel, Pref. Dr. Neltet
Jeelm. wurden bei den dortigon Untersuchungen im normalen mersehlichen
Tagesharn 0,43 bis 1,18 mg Al festgestellt.

)

Resorption von Alumininmverbindungen im Organismus. 177

B _;,m,«-cl;r[:luw(; peme Al im weeelt Verabreichuog con I iypeneledosen o

AlH ‘l/lh"l.l']/l], .

a) Versuche am Hund (20 k.

Kot vom Asche Al-Gehalt als Alag
K mg*
1%L (vor Al-Zufuhr) i
(8T g) o - - - 8,26 : 35,2

« Dyer Al-tichalt pereehnet sich dureh Multiplikatton it 0,524,

1
‘ Der Hund gab keinen Kot mehy his zom 22, Januar. Fr erhielt am
a1, Jamuar morgens 0 comn Anfsehlnmung. enthattend 990wy ALO,.

in das Futter, wolrlies ans jo 80 ¢ gretrockneten Fleiseh. S0 ¢ Hundeknuohen

: und Wasser Bo=tand, und dessen rost fore Aufnalpue genau Gherwacht wurde.
L
| . i Asche Al-Gehalt als A1, O
H Kot vom . ; -
i s ‘ g
N .
; 92.-23.1. (Jtlg) | 9,84 446.0
1 . i
241, kein Kot .7 - " —
25 L (140 @) . . 10,59 : 46,6
26,1 kein Kot . ! — —
27.1. (134 gy . .y 8,68 42,1
28. L (69 g). - - 3,40 ; 13,5
In der taglich verfiitterten Moenge t{undckuchen konunte Aluminiurn,
entsprechend Sodmg ALO,. und in der taglich verfiitterten Menge ge-
trochieten Fleisches, entsprechend 4.3 g AL O, festgestellt werden.  Im

Tagesharn vorm 2L Januar dieses Hundes (454 cemn) wurden 0.13 mg Al
vefunden.
Tirpselie Tund erbielt wieder am 8. Fehruar 060 mg Al Oy enthaltende

Aufschlinumung ins Futter und wurde bis zum 9. Februar nur mit rohem
Fleiseh und gekochtem Reis gefiittert.

Kot vom Asche . .Al-Gehait als Al Oy

mg .
5. 11, tvor Al-Znfuhr) | |
(20) . . ..ol 1,25 % 9,8
GL (25g) . . - . 276 1 8574
TIL B0g) . . - - 2,14 ! 471
IL Gip) - o - - 1,76 ‘ 278

Dunach wieder Futterung mit Fundekuchen und getrocknetem Fleizch.

- Asche Al-Gehalt als Al
Kot vom

me
WOIL (308 - - (.54 E 385
1LIL (5g) . - 4,19 s 212

Binchemische Zeitsehrift Band 12
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178 J. Wiihrer:

) Versuche am Menschen.

-
1. Verfasser nalim (6, Mirz 1930) nneh vorheriger Hoenblaseneutloepyy,
oo cem 1015 me AL O, enthaltende Al-Hydroxydoutsehliamoung ein, )

T ——
Harn vom Rot vom - Aschr Al-tiehadt als 41 o
s ) mer
B e em - ‘ 0,29
7L | - - | ’
. 6, I (vor der
' Al-Zufuhr 146 . 4.3
7. 1L 393 4428
LRI 3,07 4577 *

* Der Versueh mutite aterer Umstinndle wegen lewder abgebrocheon werden; b

S kennte die Ausseheidung nieht weiter verfelet werden,

2. Verfasser nahm (30 Marz 1930) nach  vorheriger  thonblasen.
entleerung 10U corm 1020 me ALO enthaltende Al-H ydrosydauischlimnnn:
e,

Hare vor Kot vom Asche Al-Gehalt als Ao

g g
, { 250 cem ‘ — - 0.17
31, 1ML . )
{600 . - - ) 0,38

LIV, 3,20 4238

| 30 4258

2.1v. !

L 1.25 Y44

; 3.1V, 1.30 B2

! 4 TV, 2,53 925

Bespreehung der Ergebnisse.

Bei den im Daucrversuch mit Aluminivmbydroxyd gefiitterten
Hunden konnte weder withrend der Firtterungsperiode cine Veriinderund
im Gesundheitszustand der Tiere fostgestellt werden, noch k(»nmvn
an den Organen der Tiere bei der Sektion (Dr. med. (. Kdrbery anorm®
Befunde beobachtet werden. Bei den mit Aluminiumehlorid gefiitter
Hunden zeigten sich in Ubereinstimmung it den fritheren Versuchen
mit Alumininmsalzen zeitweise betrichtliche Herabsetzung dey Fore Bt
und in ecinem Fall anch damit verbundene dauvernde Ge wichtsahnahme.
sowie (bei der Sektion) geringe Rejzwirkungen an der \’u"('nm'hlmmhzf“‘v
Die makro- und mikreskopische Untersuchung der Organce der Tiere
ergab keine pathologischen Verdnderungen.

Tel

Resorption von Aluminiumverbindungen im Organismus, 1749

Fine Steigerung des Alumininmgehalts der Organe usw. (Tabelle
and 11 gegeniber den Normadwerten (Tabelle TH ) ist nicht zo erkennen,

Die i Ham der Versuchshunde feststellbaren Alamininmmengen
ibersticgen nicht die im normalen Hundeharn sich findenden Rpuren
von Aluminiun.

Eine 70tigige Binnahme betriachtlicher Mengen von AMaminium.
pvdroxyvd hatte auch beim Menschen  keine vermehrte Alumininm-
;1{:ss<'11<'i(lli!1;: im Harn zie Folge und verarsachte nur am Fnde des
Versuchs geringfligize, sehnell vorithergehende Magenheschwerden,

[aalubend

Wenn anch aus den Bilanzversuchen (Verabreichung von Finzels
Josen von Al-Hydroxyd) nicht geschlossen werden kanne dali eine
Perorption von Alumininm nicht cintritt, da bet den gegebenen Bes
dingungen mit ciner mechanizehen Zuriickhadtung kleiner Mengen des
Alnminiums in den Falten der Darmsehleimbant auf mehrere Tage hin,
and daher mit Fehimengen bei der Ausscheidung im Kot zu rechnen
warkt w0 spricht doch das TFehlen ciner vermehrten Alumininmaus-
<eheidune im Harn (bei der Dauerverabreichung von Al-Hydroxyd
ud Al-ehlorid),  sowin ein nicht vermehvter Aluminiumgehalt der
Organe  der mit Aluminiumverbindungen gefiifterten Tiere  dafir,
dul das zugefithete Aluminiem die physiologischen Verhiltnizse des
Uhertritts von Spuren Aluminium vom Magendarnikanal aus in den
Organismus und in den Hiom nicht andert. Damit in (bereinstimmung
stehien die Ergebnizee dor Untersuchungen von £ Kerber2® wonnch
die Durehdringbarkeit  tierischer Membranen  fiir Aluminiumsalze
chen Bedingungen nur cine dubierst

water den pormalen phesiologt

geringe st
Zusammenfassuns,

Ex wird der Gehalt der Organe, CGewebe usw. von Hunden
an Mumininm bei der Zufubr von Aluminivmverbindungen zahlen-
miiBig fostaestellt; or hewegt sich durchsehnittlich in der Grofenordnung
von Zebntehmilligrammen je 100 g orgunisches Material,

Bei siimtlichen (7) Versuchshunden warden nach 10 bis 1ymonat-
licker Aluminiumzafulr in den Organen usw. keine groferen Alumininm-
mengen gefunden, als in den Organen usw. eines Hundes ohae Aluminiume-
mfubir bei der fiblichen Fitterung nachweisbar waren,

i "t Dot den Versuehen am Hund ist zu berteksichtigen. dafd im novmalen
Kot fzw. in der aufgenommencu Nahrung. wie sich gezeigt hat. nicht
vnerheblichs Mengen von Aluminium enthalten sind, \\nrl(m h unter den
eecnhenen Bedingangen eine genauo Eriassung der Aunsscheidung des
versuchsweise zugefiihrten Alumininms im Kot nicht maglich war.
" 2?3, Karber. Arch. f. oxper. Pathol. u. Pherm; erscheint  demmnichst,
12%
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